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INTRODUCTION 
Within the last half century, the educators of this 
country have been reviewing and revising the educational 
objectives, curriculum content, teaching techniques, evalu­
ation of educational outcom�s, and the administration and 
organization of schools. This has been done to gear our 
educational system with the newer coricepts in educational 
psychology, mass education, industrialization, and the 
changing social, economic and political conditions. 
The knowledge of science and, ·concomitantly, the 
teaching of science have advanced more than in any other 
similar period of  our history. The impact of this advance­
ment can only be partially comprehended, and we in science 
education must act to the best of our abilities to meet this 
changing order. The responsibility is enormous, but not 
unsurmountable. 
From the early beginnings in the field of science, the 
various phases of science were not easily distinguishable. 
A knowledge of a scientific nature was often referred to as 
a knowledge of "dark things". The early scientists �ere 
looked upon as· men having a working relationship with spirits 
of another world, as was Otto Von Guericke and his water 
barometer. As man's knowledge and understanding grew, the 
less mysterious it became, even i f  it did become more tech­
nical. Diversification of the study of science evolved, but 
it was soon realized by educators that too much. specialization 
2 
did not meet the needs of the young student in high school. 
Present Pattern in Science Education 
Over the years and decades the reorganization of science 
in high school seems to have been somewhat away from special 
and separate sciences, �specially in the ninth and tenth 
grades. It has led towards more generalized science courses 
in those grades. Early curriculum studies show that one 
would find in the ninth and tenth grades science courses 
such as botany, zoology, physiology, physiography, and 
physical geography. The Committee for the National Society 
for the Study of Education makes the following statement: 1 
In spite of the rapid expansion of scientific 
knowledge and the even more rapid expansion in 
applications of science and practical invention, 
the percentage of high-school pupils enrolled in 
science courses has continued to decline. From the 
latest available data it is evident that there have 
been increases in percentages of enrollments in the 
generalized courses in science, general science, and 
general biology. In contrast, percentages of enroll­
ments in specialized sciences have, in general, 
st9adily dropped during a forty-four year period. 
Further, tne evidence reveals that astronomy, 
geology, botany, zoology, and physical geograpijy 
have practically dis�ppeared froill the science 
progra�s of the high schools. 
In the place of the specialized courses have come 
combined science courses, as general science in junior 
high school, or in the ninth grade, and biology in the 
tenth grade. Chemistry and physics were taught in the 
eleventh or twelfth grades and largely still retain 
1. "Science Education in American Schools", Forty-
8-!� Yearbook of the National Society for the Study of 
Education, Part--r,�47, p. l37. 
--- ---- � 
their position there in those schools which teach one or two 
science courses in the eleventh and-twelfth grades. The 
point to see is that starting about 1910, general science, 
as a combin9d science, came into the ninth grade supplanting 
the sp�cial · science courses there. A little la.ter, biology, 
as a combined science course, came in largely supplanting 
bot:1ny, zoology, and physiology as se_parate courses. In 
later years some thought has been given to setting up a 
combined physical science course made up largely of content 
from physics and chemistry in a one-year course in the 
eleventh and twelfth grades. 
Science Education in South Dakota 
,-
The general pattern of science courses being offered in 
South Dakota seems to follow the pattern as found throughout 
the country. This is well substantiated by a study made by 
Dr. C. R. Wiseman, South Dakota State College, in which he 
investigated the credits presented by students from South 
Dakota schools over a period of twenty years beginning in 
1922. He found the numbe� presenting credits upon entering 
South Dakota State College in general science had increased 
by about one hundred twenty-five percent. Biology had in­
creased four hundred fifteen per·cent over the same period, 
while physics had dropped forty percent and chemistry had 
increased one hundred fifteen percent. Physiology decreased 
by about eighty percent, while botany, zoology, physiography, 
geology and others had practically disappeared. 
A study by Lloyd V. Manwiller at South Dakota State 
College enriches the picture. The general pattern of high­
school science in South Dakota high schools is either two 
years, three years, or four years. These three categories 
cover about ninety-six percent of high schools in South 
Dakota. A breakdown of these three divisions shows that 
the two-year course comprises about twenty-two percent, 
the three-year course thirty-seven percent, and the four­
year cour-se thirty-seven percent. About two percent of 
the schools have one year of science, and about two per­
cent have five years of science. In terms of science sub-
. jects, it is meant, general science, biology, chemistry, 
and physics. The State Department of Public Instruction 
recommends general science in the ninth grade, biology in 
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the ninth or tenth grade, and chemistry and physics in the 
eleventh or twelfth grade. The State Department also 
recognizes other units or half units in science under such 
titles such as physical science, geology, physical geography, 
aeronautics and physiology. These subjects do not appear 
in the curriculums of many South Dakota high schools. 
When two sciences are offered in a school they customarily 
are general science and biology. When three sciences are 
offered, usually they are general science, biology, and 
either chemistry or physics. 'When four sciences are offered, 
then all four mentioned are given. A definite minority of 
our schools have junior high-school organizations. 'Where it 
does exist the type of junior high-school organization is of 
s 
the 6-6, or 6-3-3 type. This influences somewhat the pattern 
of science for that school. Most of the larger high schools 
in South Dakota have the junior high-school organization in 
one form or another. 
A more specific picture of chemistry and physics courses, 
according to the same study b�r Lloyd V. Manwiller, shows that 
of 289 schools in South Dakota, seventeen percent offer 
chemistry and no physics, nineteen percent offer physics 
but no chemistry, and about forty-one percent offer both 
physics and chemistry. Approximately twenty-three percent 
offer neither chemistry nor physics. Adding percentages, it 
is found that about fifty-nine percent of the schools, and 
these are mostly the small schools, offer only chemistry, 
or only physics or neither of the aforementioned. It might 
seem expedient then, for these schools to  consider a course 
which may make it possible to offer a fused one-year science 
c ourse of chemistry and physics. 
The Science Curriculum in Watertown Public Schools 
In contrast to the average high school in South Dakota 
which is the 8-4 plan, the Watertown school system is set up 
on the 6-3-3 plan. The enrollment in the junior high school 
is slightly over five hundred pupils, while the enrollment 
in the senior high school is slightly greater. 
In the Watertown schools, science is required in the 
seventh and eighth grades. The seventh-grade science class 
meets five times per week, one hour per day, and deals main-1y 
with the study of health, mental hygiene, and knowledge of 
a very general scientific nature. In the eighth grade, the 
scienc8 class meets three times per week, one hour per iay, 
and covers material of a very general nature in the fields 
of biological and physical sciences. It is mainly a course 
for exploration and development of motivation for further 
study in science. A check of the records in the school 
system shows that about twenty percent of the pupils in the 
ninth grade enrolls in general science which is an elective 
course. In the tenth grade we find that about ninety-eight 
percent of the class meets the school's requirement for a 
laboratory science by enrolling in biology. About thirty­
five percent of the students in the eleventh grade enroll in 
chemistry and somewhat more than twenty percent of the seniors 
take the course in physics. These are the standard courses 
with laboratory and conventional texts. Enrollment in 
chemistry is limited almost entirely to jtmiors, and the 
s ame is true with physics and seniors. The number of boys 
and girls in chemistry is about half and half, while in 
physics, boys definitely predominate. Other science courses 
offered in the senior high school include aeronautics and 
physiology. The last two mentioned are semester courses 
with one section of each composed of both juniors and seniors. 
At graduation, about two percent of the graduates 
have five science units, six percent have four science units, 
twenty percent have three science units, thirty-five percent 
have two science units, and all or one hundred percent have 
at least one unit in science. It appears that there are too 
many students who do not have an opportunity to study the 
physical sciences, referring specifically to chemistry and 
physics. During the past decade, the writers have noted 
that in the ·watertown schools, about sixty percent of the 
graduates had no course in either physics or ch�mistry. 
This indicates that a ne�d of the students is not being 
met in th� physical sciences. 
A senior science course which had been offered in 
the eleventh and twelfth grades was evaluated in terms of 
the needs and interests of the present-day students. This 
cours� was of the "consumer type" science course, and dealt 
mainly with the economic aspects of everyday living. It 
was felt that such a course, or any of the other so-called 
physical science courses, did not adequately meet these 
needs. Many of the students, who took the course in senior 
science but did not enroll in chemistry or physics, w�re 
going to college, or going into trades or the military 
service where a better understanding of the principles of 
physics and chemistry were-both useful and d8sirable. 
Purposes and Procedures of the Study 
The writers had in mind the modification of the present 
science curriculum in the Watertown High School. In doing 
this, they sought the answers to the following questions: 
Can physics and chemistry be fused into a one-year course 
�or pupils who do not enroll in the conventional physics 
and chemistry classes? Will s·uch a course be feasible and 
workable? What content will be included� How will it be 
taught? How will th8 laboratory work be handled? Can it be 
adapted to the interests and ability levels of the pupils? 
Will the achievement of the pupils in this fused course be 
comparable to the achi�vement of the pupils in the other 
physical science courses? 
In attempting to find the answers to· these questions, 
a review of the work which had already been done along the 
line of fusing physics and chemistry was made. Objectives 
for science teaching in high school w?.re sought. An out­
line of content for the fused physics and chemistry course 
was developed and revised. The course was taught by the 
writers, each having a section, for a period of one year, 
and th9 achievement of the pupils in the fused course com­
pared to those in the conventional physics and chemistry 
classe s. The detailed procedure for these are to be found 
in the following sections of this study. 
·_8 
, . 
REVIE\V OF LIT�RATURE DEALING WITH FUSED 
PHYSICAL SCI�NC� COURS8S 
Within the past fifteen or twenty years a great deal of 
work has been done in the fi�ld of surveying our present 
sci�nce curriculum in secondary schools. Local school admin­
istrators hav� had their teach�rs review and discuss the 
objectives of their respective fields of teaching in the 
light of present-day needs and pupil interests. 
Today, th� supervision by progressive administrators 
has made it possible for teachers in the various fiBlds to 
view their subjects as part of the entire program of studies 
and r�vise them �Nhen the negd occurs. Teachers have also 
shifted th� �mphasis in the classroom from that of concern 
for subject 3atter alone to a study of the individual and 
his methods of learning and his needs in our social order. 
Efforts of science teachers to expand and �odify their 
present courses in sci2nce were evidenced by work being done 
in various �arts of our country.1 This shows that science 
instructors were a":2.re of tne need for an expanded and more 
satisfactory program. Different int�rests and varied 
abilities are being provided for in having the pupils angage 
in individual and group 9rojects. The approaches to teaching 
the scientific laws and principles ar� being shifted. More 
emphasis is being placed upon inductive approaches. �·,!any 
1. "Physical Science Today--A Symposium", The Science 
Teacher, XVIII, (February through December 195IT; Pp. 13-21. 
teachers are attempting to find a suitable content for a 
physical science course in the eleventh and twelfth grades. 
There was some evidence that some schools have drop�ed the 
requirement of general science as a course in the ninth grade 
since they felt that it was duplicating sci�nce courses as they 
are now b�ine taught in the seventh and eighth grades. Some 
schools are now using a fused physical sci�nce course in the 
tenth, eleventh, or. twelfth grade. Some schools are allowing 
the pupils �vho enroll in this fused course, to later take the 
conventional course in physics, chemistry, or both. Many of 
the schools in the South ara making it a requirement that 
high school stuc.ents :-Ilust co:npl�te on-� ygar e2_ch of a 
biologica.l anC:. phv�ical sc:.8nce. General science in the 
ninth grade is not being counted as a physical science 
course for purposes of me�ting the graduation requirements. 
Also, the studies show that t�ere �as no text book limited 
in content to just physics and ch emistry. The physical 
scienc2 courses in high school were found to b� composed of 
principl�s found in physics, chemistry, geolocy, astronomy, 
;·r:eterology, end variot�s consum�r 2.s��cts. 
and 
Few attem;ts had been made to fuse physics and chi?,mistry 
2 evaluate the results. Shailer Peterson , in a study, 
fused the two courses with the int�nt of co�p2ring the achieve­
ment of such groups with control groups. �is study appeared 
2. Peterson, Shailer, "The Evaluation of A One-Year Course, 
The Fusion of Phys ics and Chemistry, With Other Physical 
Science Courses", Science Education, XXIX, (December 1945), 
Pp. 255-264. 
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to be thoroughly and expertly done. His work consisted 
�ssentially of selecting a suitable _content from both physic s 
and ch9mistry texts, administering the course over a period 
of several years, revising the content and methods of teaching, 
and conparing th� achievement of this group with the groups 
enrolled in the convs!·Jtional ch�mistrv, physics, and senior 
sci�nce courses being offered. Ey equating his groups as to 
intelligence quotient and chronological age, he was able to 
arrive at some definite conclusions. The following are 
quotations from Peterson's conclusions: 
This experiment demonstrated the practicality 
of developing a on9-year physical sci'=nce course th2..t 
iDcluded a large ;roportion of the facts, concepts, 
and principles cor�1only found in most traditional 
chemistiy ��5 pl1ysics courses. It was also found 
possible to construct a single measuring instru6ent 
that is useful for courses offering either chemistry, 
physics, or both. 
Under controlled conditions in which intelli­
gence quotient and chronological age were statis­
tically equated, the physical science mean scores 
of students who had had on� year of the Fusion of 
Physics and Chemistry were significantly higher 
than that of students who had had either 1. one 
year of traditional Physics, 2. one year of tradi­
tional Chemistry, 3. one year of Senior Science, or 
4. one year of traditional Physics plu s  one year of 
traditional Ch�mistrv.- The general conclusion can 
also be drawn that the Fusion group does as well 
or better than the other groups on most of those 
objectives represented by part- scores on the com­
pr2hensive examination. From the areas of signif­
icance, it can be concluded that the superior 
achievement of students in th� Fusion course was 
not narrowly limited by the factor of IQ. Moreover, 
it would seem that all students who are no older 
than those ordinarily enrolled as juniors and seniors 
in high school should profit more from the Fusion 
cours9 than from the conventional courses. ( ••• ) 
It was demonstrated by the groups who returned 
the following year to study more physical science 
that only a small amount of the information and 
skill acquired in the Fusion class was lost or 
forgotten during the summer vacation . 
-
In final summary , th9 author concludes 
that the Fusion of Physics and Chemistry has much 
to corrunend it as a substitute for the traditional 
one-year courses of Physics , Chemistry, or Senior 
Science and that the Fusion course should even be 
considered a possible substitute for two years of 
th� usual Physics and Chemistry . 
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Other studies have been made in this field. Heidel3 
�tudied the achieve�ents of classes in conventional physics 
and a generalized high school senior science course in which 
the content was taken from physics and chemistry and taught 
with consumer aspects. His conclusions were not as con­
clu sive as those of P9terson, but were not eworthy. The 
following quotation is from his conclusions: 
The generalized high school senior science 
course and the conventional high school physics 
course are both effective in bringing out signif­
icant gains in knowledge of sci entific facts and 
information of a g eneral nature . Gains were 
greater in the conventional high school physics 
cours e, probably because of the greater ability 
of the students enrolled in this type of course . 
The generalized high school senior science 
course did not prove effective in bringing about 
significant  g ains in knowledg e of specific physics 
materials while the conventional high school 
physics  course proved --effective in bringing about 
highly significant g ains in lri..11ov:ledg e and unc.er­
standing of phy sics materials .  
Although significant differences existed 
between the students of  the generalized high 
school senior sci ence course and the students 
of the conventional high school physics course 
on scientific attitudes as measured by Noll ' s  
Attitudes Test, neither the generalized high 
J .  Heidel, R .H ., "A Comparison of the Outcomes of 
Instruction of the Conventional High School Physics Course 
and the Generalized High School Senior Science Course", 
S cience Education, XXXVII� , (March 1944) , Pp . 88-89 . 
school senior science course nor the conventional 
high school physics course proved effective in 
bringing about s ignificant change in scientific 
attitudes. 
Th9 generalized high school senior science 
course proved no less effective than the con­
ven tional high school physics course in the 
teaching of g �neral scientific facts and nrin­
ciples and application of those principl9 s to 
pupils when inequaliti�s of mental ability and 
previous achievements were taken into account. 
The conventional high school physics course 
proved definitely superior to the g eneralized 
high school senior science course in developing 
in pupils unders tanding of specific physics 
materials as measured by several physics tests 
even after inequalities of mental ability and 
previous achievement were taken into consider­
ation. 
The generalized high school senior science 
course proved no more effective than the conventional 
high school physics course in bringing about 
the attainment  by students of specific consumer 
outcomes or objectives as �easured by several 
tests after factors  of inequalities of mental) ' / 1 1 ability were considered. ' I , : , ,· , , 1 I ' 
Hunter4 stat9s in his article : 
There i s  considerable evidence to show that 
science teachers are becoming awake to the fact 
that science must be made more vital and more 
functional if it is to retain its present place 
in the curriculum, and that th8y are chang ing 
their courses to meet the new deman ds of the 
present-day clier.tele -who need to be prepared 
to meet the new conditions of life. 
Much work has been done in school systems to 
provide courses which will be of mor e  value to the non­
college group. Thus, one of the ma jor problems in 
curriculum development in science is· the provision for 
13 
4 . Hunter, George W., "Six Hundred Teachers Look at 
Science Trends", Science Education, XXXVII I, (F.ebruary 1944) , 
Pp. 14-2 5. 
s::UTH DAKOlA STATf: COLLEG
E usRARY 
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some type of physical science course for pupils in the 
eleventh and twelfth grades which will not replace present 
clas se s in physics  and chemistry, but will give those pupils 
who do not take any physical s cience beyond the tenth grade, 
a science course which will be beneficial and enlightening. 5  
Tr.i s  d.oes not imply that we are to offer a course which high­
school pupils can complete with but a minimum of effort and 
understanding. It must be a cours e  which tests  the ability 
of the best, and be helpful and meaningful to all. R. w .  
6 Lefler states :  
Physical s cience at the general education 
level should, along with biology, be a require·nent 
for every student. Living today, particularly 
living in a state of partial or total mobilization, 
is too dependent on scientific and technological 
development for our citizen to go on without 
understanding the basic principles  of both the 
biological and physical s cience s. 
A study of the physical science texts 7 now being used 
in place of the traditional physics and chemistry texts 
showed that they were not uniform in either the fields of 
physical s cience covered nor the principles in the various 
fields  7fhich they included. Obviously, enough work has 
5. "Science Education in American Schools ", Forty-Sixth 
Yearbook of the National Society for the Studv· of Education, 
Part I, 1947 , P. 139 . 
6. Lefler, R.W. , "A Science Program for the Present 
Crisis", The Clearing House,  XXV, (February 1951) , P. 347 . 
7. Blanchet, W.W., "Sub ject-Matter Topics Contained in 
Textbooks For U se in Survey Courses in the Natural Sciences", 
Science Education, XXXII, (February 1948) , P. 93 . 
lS 
not been done to determine just exactly what subjects should 
be included in the fused c ourse , nor the principles which 
should be included. There are likely to be so many fields 
included in the fused course that the principles which are 
needed from · each field cannot be adequately covered nor 
explained. Many of these physical- s cienci: courses have 
fallen into the so-called " consumer" science category with 
emphasis upon the acquisition of sub ject matter rather than 
the understanding of basic principles. In 1943, Wise8 
made a study of a number of research reports which dealt 
with the most important concepts which should be included 
in a fused phy sical sci�nce course. His study showed the 
lack of uniformity in emphasis upon content to be covered 
in such a fused c ourse. 
Methods of teaching the various courses now being 
called " physical science" in the sec-ondary schools vary a 
great deal , and no satisfactory method has been developed 
which will adapt our present laboratory methods entirely 
to the fu sed courses. 9 
In 2n attempt to cover the field of current research , 
the writer s  have found very little , if any , un_iformity in 
the many attempts to find suitable fused physical science 
courses. However , there i s  plenty of evidence10 that the 
8. Wise , H. E. , "A Synthesis of the Results of Twelve 
Curricular Studies in the Fi9lds of Science Education" , 
S cience Education, XXXVII , (September-October 1943) ,  Pp. 6 7-76. 
9. Symposium, op. cit. , p. 9 ·; .  
10. Hunt�r ,  Georg e �.,.,, ,op. cit. , p .  13 . 
w ' 
school teachers and superviso�s fee l  that the time has come 
for de finite advances in the science curriculum. 
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In summary, the review of literature showed that work 
has been  done and is being done in reconstructing the science 
curriculum in the secondary schools. Educators and classroom 
teachers have modified, expanded, and eliminated features 
which se emed undesirable and inade quate after a reconsider­
ation of the contemporary needs of the high-school youth. 
These efforts at reconstruction were prevalent in all parts 
of the country and as a result, no well-defined pattern for 
the modification of the curriculum has as yet evolved. 
Some studies have been made in the fusing of various 
physical science courses and evaluations made. Check lists 
of what should be in a fused physical science course were 
also being set up by recognized educators in the field of 
science education. Laboratory proce dures and techniques  
see med to  vary with the te achers and the schools. 
Uniformity of purpose and action is still to be 
agreed upon. The review sho�ed that present textbooks in 
c ombined science s were not -satisfactory and a textbook of 
fused physics and chemistry was not as yet on the market. 
There was , however, uniformity in the opinion that a change 
was necessary because the science curriculum of our schools 
has not kept pace with the needs of our present-day youth 
in this scientific world. 
CHARACTERISTICS OF GROUPS USED IN THE STUDY 
Since the writers taught the two classes in the fused 
course in physics and chemi stry (hereafter referred to only 
a s  the fused_ course) , and at the same time taught the con­
v entional courses in physics and chemistry , they felt that 
a clearer understanding of the aforementioned classes would 
make it easier for the reader to interpret the results. 
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As has already been stated, all pupils in the tenth 
grade enroll in biology in the Watertown High School. About 
thirty-five percent of the pupils in the eleventh grade 
enroll in chemistry , and these pupils are scholastically in 
the upper one-third of their class. Over  eighty percent of 
these chemistry students intend to enroll in college upon 
graduation from high school. The same is also true of the 
twenty percent of the seniors who enroll in physics. 
Tho s e  pupils who elected to take the fused course were 
of the same scholastic clas sification a s  the groups which 
for�erly had el ected the se!lior scie-:1ce course whi ch t.ad 
be en offered. No attempt W?- S made to sel �ct tt e pupil s who 
enrolled in the fused course. This group was composed of 
juniors and seniors who did not plan to attend coll9ge , 
but wanted a science course beyond biology. These pupils 
were told that they would probably not be denied entrance 
to a college1because they had selected this course in 
preference to the regular course in either chemistry or 
1. "The Acceptability of Physical Sci ence as a College 
Entrance Unit", Science Education, XXX, (April 1946 ) ,  
Pp . 127-132 . 
.·.·· · 
physics. However, they were 'told that they would not be 
allowed to �nroll in the physics or- chemistry c lasses the 
following ye2. r. 
The pupils in tte physics, chemistry, and fused course 
classes had . b8en tested using the New California Short-Form 
Test of � ·I ental !\'1aturi ty Advanced ' 47 S-Form (Appendix F ) . 
The writers took the scores in Table .I from the cumulative 
TABL� I. "\f�i1TAL AB ILITY SCOR. �S IN  '!1�R::!S OF I. Q. OF ALL PUPILS 
IQ 
Score 
136-139 
132-135 
128-131 
124-127 
120-123 
116-119 
112-115 
108-111 
104-1 0 7  
100-103 
96-99 
92-95 
88-91 
84-87  
80-83  
76-79 
Number 
Median IQ 
SD 
1NHO PARTICIPATED IN TH� T�STING PROGRAM 
Total Chemistry Physics 
2 1 1 
1 1 0 
4 2 2 
3 3 0 
16 9 6 
12 7 5 
16 10  2 
23 12 6 
22 3 11 
9 0 3 
11 2 0 
2 0 0 
5 0 0 
1 0 0 
1 0 0 
1 0 0 
129 50 36 
109.5 114. 7 109. 5 
10. 08 8. 08  8. 68 
Fused 
0 
0 
0 
0 
1 
0 
4 
5 
8 
6 
9 
2 
5 
1 
1 
1 
43 
101.2 
9. 08 
records of the pupils used in the study. It was interesting 
to note in the study of these cumulative records that those 
in  the fused group had a general academic achievement record 
between the letter grades of C and D ,  while those in chemistry 
and physics had C or gr eater, with the ma jority having B averages. 
A study of Table I indicates that the median IQ of all 
students who participat 9d in the te &ting program is 109 . 5 .  
Thi s is slie:itly higher than the average for all seniors 
which is 106 . 5  and also very slig�tly higher than that of 
the �ntire j unior class which is 108. 1 . ( The �edian !Q's 
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of the junior and senior classes ar e not included in Table I) . 
The median IQ of th � students in .the chemistry class , 
which was composed of twenty-two girls and twenty-eight boys, 
was 114. 7. The above group was composed of juniors with the 
exception of three senior boys. The median of chemistry 
group was considerably higher than the :21edian IO of the 
fus 8d-course group which was 101. 2. The fused-course group 
was compo�ed of eight girls and thirty-four boys. The 
median IQ of the physics class, consisting of senior boys, 
was 10�. 5. This is still well above the median of the 
fused-course group. By coincid ence, �the median IQ of the 
physics class was the same as that of the three groups combin�d 
being compared in the study. 
Of the groups, the standard deviation is �reates t  for 
the fused-course group. The standard deviation of the 
entire group is greater than that of any of the other 
three gr oups. The reason for this may be accounted for 
in that the high scores of the physics and chemistry groups 
are considerably above the high scores of th9 fused group, 
and the low scores of the fused group are c onsiderably 
below the low scores of the b2tter groups. 
Since the writ�rs had taught most of the pupils in 
this study in prior classes, they felt that the fused group 
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would exhibit marked differences from those who normally 
enroll ed in the conventional physic s or chemistry class�s in 
s uch charactaristics as int 9rests, b ackground, �ental ability, 
attitudes, plans, etc. A study of the cumulative records of 
all the  pupils in physics class, chemistry class, and 
fu sed group, and an exa�ination of Table I seem�d to confirm 
the se beliefs. 
CONTENT AND T�ACHING PROCEDURE US�D IN THE 
FUSED COURS E OF PHYSICS AND CH8MISTRY 
Selecting The Cont�nt For Fused Course  In 
Physics and Chemistry 
21· 
Prior to this study, a course in s�nior sc ience had been 
offered in Wat�rtown High School and was taught by one of the 
writ ers. As has been statedelsewhere, the course as taught, 
included parts of  many other sciences in addition to a s�all 
amount of physics and chemistry, such as botany, zoology, 
geology, astronomy, physiology, and then used a consumer­
aspect approach. 
The course see�in�ly was a general science course all 
over ag ain, except th&t there was �ore reading, only a s�all 
amount of mathe�atical application and no laboratory work. 
By the vgry nature of the course, it was impossible to go 
any deeper into a consideration of seientific principles 
than the student already had, either froill his previous ex­
perience in gener al science or incidental reading. The 
stu �ents' knowledge and experiences were not being suffi­
ciently increased either actually or vicariou sly. 
Since in the opinion of the writers, the needs of 
the students were not b eing met, they felt obligated to 
set up a content for a fused course in physics and chemistry 
which would generally satisfy an approved list of ob jectives. 
It was also felt that this content would have to be taught 
for at least one year in order to make some type of eval­
uation of the selected content. 
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After making a study of a number of viewpoints, it was 
concluded that the ob jectives listed- by tne Committee for the 
National Society for the Study of Education were as inclusive 
and as well expressed as could be found.1 The objectives 
listed in the above study are as follows : 
A. Providing opportunities for growth in the 
functional understanding of facts. 
B. Providing for development of functional 
concepts. 
C. Providing for growth in the functional 
understanding of principles. 
D. Providing opportunity for growth in basic 
instrumental skills. 
E. Providing opportunity for growth 6£ skill 
in the use of elements of scientific method. 
F. Providing for growth in the development 
of scientific attitudes. 
G. Providing for growth in the dev �lopment 
of appreciations. 
H. Providing for growth in the development 
of interests. 
The selection of a workable outline of content for the 
fused course required much thoughtful consideration. It was 
difficult to determine just what principles and concepts 
should be included since there was such an abundance of 
material available. However, it was kept in mind that the 
function of science in a general education is not comparable 
to specialization, and that the products of our science 
courses will not generally be research person.nel. Such 
a course should, however, provide an adequate background 
for those who wish to continue their formal education , 
1. "Science Education in American Schools", Forty-Sixth 
Yearbook of the National Society for the Study of Education, 
Part I, 1947, p. 142. 
or go from high school into technical and semi-technical 
fields. 
Numerous studi9s have been made to determine just what 
principles and concepts should be included in high-school 
courses in chemistry, phys ics, and physical science. The 
writers used the surveys of � .w .  Blanchet2, F. D. Curtis 3, 
and Vaden W. Miles4 to check the principles which they 
thought should be included in a course of fu sed physics 
and chemistry. There appeared to be an agreement in 
these studies as to what principles and concepts should 
be of ma jor importance for inclusion in these courses. 
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This made it soCTewhat easier to eliminate cert�in principles 
which the writers felt were not necessary to a basic under­
standing of the fused physics and chemistry course. 
I n  studying the outline of content for the fused 
course, the reader will notice that �t is divided into 
an introduction and six main units with a time allotment 
g iven to each unit. The time allotments vary from one to 
as many as nine weeks. 
The outline contains only the bare essentials as t o  
content with opportunity for the instructor to vary the 
time considerably. In  constructing the outline, where 
2. Blanchet, W.W. , "Subject-Matter Topics Contained in 
Textbooks for Use in Survey Courses in the Natural Sciences", 
Science Education, XXXII, (February 1948) , Pp. 88-93. 
3. Curtis, F.D., Third Digest of Investigations in the 
Teaching of Science, p. 143. 
4 .  Miles, Vaden w . , "A Determination of  Principles and 
Experiments for An Integrated Physical Science for High 
Schools", Science Education, XXXIII , (March 1949) , Pp. 147-15 5 .  
the texts and references contained good instructional 
materials to use, it was shortened somewhat. At other places 
where principles were introduced, for which the available 
texts and references were not very satisfactory, the outline 
was amplified somewhat. For example, the introductory unit 
with the time allotment of one week, for which text mater­
ials were not very abundant, was made fairly detailed, 
whereas in Unit IV on Chemical Reactions for which the 
text material was ample was a one-page outline for eight 
weeks time. The outline, l.lllit by unit, was duplicated 
and put in the hands of the pupils. 
Course Outline for Fused Physics and Chemistry 
Introduction -_ Time 1 week. 
A . �;-.rhat is science? 
1 .  Classified knowledge of known laws of nature . 
2 .  Physical sciences and biological sciences. 
a. Branches of science . 
( 1) Phy sics, chemistry, zoology, botany, 
geology, etc. 
3 .  Meaning of a scientific law. 
a .  Man-made laws. 
b. Some c ommon laws of nature easily observed . 
( 1) Gravity, gas expansion, buoyancy, 
earth's movements, and the s ame 
properties of any chemical c ompound. 
B .  Why should we study science? 
1 .  Understanding ours elves and our environment. 
2 .  Develop the ability to reas on sci �ntifically . 
3 .  Uses at work and in the home. 
4 .  Relation of science to world affairs .  
5 .  Develop needed skills and attitudes. 
6 .  Advancement of scienc e  for human welf�re . 
7. Appreciation and respect for the men and their 
work in s cience .  
8 .  Acquire habits of accuracy, honest, etc .  
9. Promote interests . 
C. What h ave other nations contributed in the study 
of science? 
1 .  Marconi, Lavoisier, Oersted, Mendelejeff, 
Faraday, etc . 
2. Need for cooperation among the world's scientists . 
D .  What i s  the nature of the acientific Met�od? 
1 .  Recognized steps in the scientific procedure of 
problem s olving . _ . 
a .  Recognizing that a problem exists . 
b. Collecting facts and information . 
c. Organizing and classifying facts. 
d. Preparation of a tentative· explanation. 
e .  Testing and checking explanation. 
2 .  Scientific method versus other methods in problem 
solving. 
a •. Trial and error, guessing, supers ti t1on, etc . 
3 .  What are desirable scientific attitudes? 
a. Accuracy, honesty, open-mindedness, recognizing 
cause and effect relationship, c onsidering all 
factors in a problem, c autiously drawing 
conclusions, etc. 
b. Accurate observation. 
c .  Value of the scientific experiment, and the 
nature of the scientific experiment. 
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Unit I. The Nature of Matter - Time 5 weeks. 
A .  How and why we measure. 
1. History of measurement. 
2. The need of the metric system in science. 
3. The uses of the English system of measurement. 
4 .  Conversion of units within a system, and 
conversion of units between systems. 
B. General · properties of matter. 
1. What is matter? 
2. The states of matter. 
3. How does the modern concept of matter differ 
or agree with Dalton's concept? 
4 .  How do scientists visualize the atom? 
5. What are metals and non-metals? 
6. To learn about the reactions of atoms and 
why we must know about valence. 
7. Symbols and formulas. 
8. How to identify and name chemical co�pounds. 
a. What are radicals? 
9. Definitions of: 
a. Volume, mass , weight , porosity, inertia, 
inpenetrabil ity , etc. 
C. Concepts in the study of matter. 
1. What are elements, compounds, and mixtures? 
2. The importance of the law of definite 
proportions. 
3. More about atoms , molecules, and ions. 
a .  Electrovalent, covalent, and coordinate 
bonding. 
b. Atomic and molecular weights. 
c. Empirical and structural formulas. 
4 .  How do we explain the behavior of gases and 
liquids? 
a. Brownian movement , diffusion, osmosis , 
capillary action, vapor pressure, surface 
tension, adhesion, and cohesion . 
5. What is the difference between a chemical 
change and a physical change? 
a. The difference between chemical properties 
and physical properties. 
b. Demonstrate physical and chemical chang es. 
6 .  How does the chemist indicate a compound, 
and how does he show or indicate reactions? 
D. Special properties of matter. 
1. Tenacity , ductility , malleability, brittleness , 
hardness, and Hooke's law. 
E. Why do some objects float and others sink? 
1. The meaning of density and its importance. 
2. Comparing the weights of different matter to 
the weigfit or an equal volume or water. 
3. Demonstrate density, specific gravity by pupils. 
4 . Problems involving density and specific gravity. 
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Unit II. Heat Energy - Time 9 weeks. 
A. What is energy? 
1. Kinds and forms of energy. 
B. Heat energy. 
1. How is heat produced by chemical means?  
�. Oxidation, combustion, spontaneous combustion, 
rusting, decay, etc. 
b. Endothermic and exothermic reactions. 
c. Explanation of burning ; Priestley's and 
Lavoisier's exp�riments. 
d. Demonstrate preparati�n and properties of 
oxygen. Define oxides, ozone, allatropic 
forms, etc. 
e. Common fuels and their composition. 
2. How do we control heat? 
a. Common stoves and furnaces. 
b. Effect of increased surface areas in burning. 
c. Kindling temperature. 
d. The Bunsen burner. 
3. How do we measure temperature and heat? 
a .  The degree of heat, Fahrenheit, Centigrade 
and Absolute (Kelvin) .  
b. The calorie and the B. T.U. 
c. Temperature conversions. 
C. What is the effect of he at upon s olids, liquids, 
and gas es ?  
1. Charles • Law, B oyle's La�, and the common gas ­
laws. 
a. Problems involving volume, temperature and 
pressure changes. 
2. Expansion of solids. 
a. Demonstrate compound bar, expan sion of 
�olids, thermostat, and the ther�o�et er. 
b. Demonstrate and calculate the coeffi ci�nt 
of linear exnansion. 
c. Problems involving linear expansion, and 
s tating of common examples. 
3. How do we make use of the expansion of liquids? 
a .  Liquid thermometer. 
b. Expansion tanks, hot water systems. 
D .  How is heat transferred. 
1. Convection. 
a. Winds, currents, etc. 
b. Ventilation. 
2. Conduction. 
a. Thermal conductivity. 
3. Radiation and reflection. 
a. Surfaces. 
Unit II. (Continued) . 
E. ,.�at happens when two or more substances with 
different temperatures are combined? 
1. Simple mixture problems. 
2. Specific heat and complex mixing. 
3. Heat of fusion and vaporization. 
4 .  Refrigeration, evaporation, dew, rain, fog, 
humidity, etc. 
F. What relation exists b etw�en he at and work? 
1. Compression, percussion, friction. 
2. !-ilechanical eaui valent of heat. 
3. The internal -and external combustion engines. 
4. Trapping the sun's  energy. 
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Unit III. Forces, Work, and Machines - Time 5 weeks. 
A. What are the forms and cause s of forces? 
1. Definition of force , and pre ssure . 
a. Units-gravitational , absolute. 
2. Pressure of liquids. 
a. Pascal's law • 
. b. Hydraulic press and applications . 
3. Buoyancy of  liquids. 
a. Archi�edes' principle and applications. 
4 .  Pres sure of gases. 
a. At�os pheric pressur e. 
b. Buoyancy of gases. 
c • B oy 1 e ' s 1 aw • 
d .  Lift pump, force pump , siphon, and 
pneumatic machines. 
5. Composition and resolution of forces. 
a. �.Vhat is a vector? 
b. Graphing forces, parallel and at angles. 
c. Elements of navigation. 
6. Principle of moments. 
a. Center of g ravity. 
b. Turning effect . 
c. Stability. 
7 .  �iotion. 
a. Uniform and accelerated. 
b. Newton's laws of motion. 
c .  The pendulum. 
d .  Effect of friction. 
B. H ow do we define work? 
1. Measurement . 
2. Potential and kinetic energy. 
3. Power. 
C .  How simple �achines increas e  our force . 
1. The six common type s of machines. 
2. The meaning of �echanical advantag e .  
3. Efficiency of machines. 
4 .  Compound �achine s, gears, fluid drive, clutch . 
D. Aerodynamics . 
1. Why doe s  an airplane fly? 
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Unit IV. Chemical Reactions - Time 8 weeks. 
-
A. What are the tvDes of reactions? 
1. Direct combination. 
a. Common examples. 
(1 )  Burning of fuels, corrosion, etc. 
b. Heats of formation. 
( 1) Value in predicting stabili ty 
of corn.pounds. 
2. Simple decomp�sition. 
3 .  Single replacement. 
a. Activity series of me tals and non-metals. 
4 .  Double replacement, or new pairings of ions. 
a. Solubility, volatility, and non-ionization. 
5. Reversible reactions and dynamic equilibrium. 
6. Law of mass action and application. 
7. Hydrolysis. 
B. What is the nature of s ome c ommon acids? 
1. Hydrochloric, sulfuric, and nitric. 
2. Chemical properties and common reactions 
of acids. 
3 .  Commercial preparation &nc us�s. 
4. Dehydrating and oxidizing prop�rties of 
some acids. 
C. What is the nature of some common bas es? 
1. Caustic soda, caustic potash, slaked lime. 
2. Propertie s of bas es, and common reactio�s. 
3 .  Pr9tolysis. 
4.  Neutralization. 
5. Preparation and uses of. 
D. Common salts and their formation. 
1. What is a salt? 
2. Common salt s and their use s. 
3 .  General methods for preparing and purifying. 
E. Problems in equation solving. 
1. �riting and unders tanding the chemical 
equation. 
2. Balancing the equation. 
a. Simple equations and oxidation-reduction. 
3 .  Value of writing correct equations. 
4 .  Problems derived from equations. 
2. Weight-weight. 
b. Volume-volume. 
c. Weight-volume. 
5. Percen tage composition. 
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Unit V. Sound and Light - Time 2 weeks. 
A. Sound. 
1. What causes sound? 
2. Characteristics of sound. 
_a. Loudness. 
b. Pitch. 
c. Quality. 
3. Resonance and interference. 
a. Ho� can & giv�n sound b e  �ade loud�r? 
b. How can t�o or �ore sound s produce 
an unpleasant s ensation? 
4 .  �usical instruments. 
a. What physica l  charact eristics must a 
string have to produce a variety 
of pi tches? 
B. Light. 
1. What is light? 
a. Type  of wave. 
b. V el ocity and calcu l a t i ons of. 
2. What should T,�_Te :V:..now E.bout lighting ? 
a. Inv erse-square law. 
b. Luminous efficiency of lamps. 
c. Definitions of foot candle, candle po1.ver, 
and lumen. 
d. Proper light for reading, s ewing , etc. 
3. How does light reflect fr pm different kinds 
of surfaces? 
a. Plane, convex, concave mirrors. 
b • Demons tra ti ons of _mirrors·. 
4 .  How d o  light rays bend as they pass from 
one substance to another? 
a �  Refraction in plane, convex, concave lenses. 
b. Opt ical instrument s. 
c. Diagrams, 9rQblems, demonstration5.  
5.  Color spectra , and polarizat i on. 
a. Why can we see  different colors in Yihi t e  
light? 
b. How can elements be identified from a 
spectrum? 
c. N �ture of polarized light. 
( 1)  How is t:--:.is used in ch�iitistry '?" 
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Unit VI. Magnetism and Electricity - Time 6 we�ks. 
A. Magnetism. 
1. History of magnetism - Chinese, Columbus, etc. 
2. How do magnets behave? 
3. Wl1at i s  our explanation of :nagnet ism? 
4 .  The earth as a magnet. 
a. Use in navigation. 
B. Stat i c  elec tricity. 
1. The electrical r.ature of matter. 
a. Electrons, protons, etc. 
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2. B ehavior of static charge i  similar to magnetism. 
3. How can static charges be  produced? 
4. What is a capacitor? 
a. Use s. 
C. Current electricity. 
1. Chemical nature of primary cell. 
2. Electrical units. 
a .  O�n ' s law. 
b. Voltag e drop. 
3. Seri�s  and parallel wiring. 
a. Danger or overloading. 
b. Ele�entary wiring. 
4 .• "Hhen to  hook up cells in series or parallel? 
5. Electrical energv and power. 
a. Reading the watt meter. 
b. Determine cos t  of light bill. 
D. What are the effects of the electric current? 
1. Heating effects. 
a. C oils and fuses. 
2. Chemical effects. 
a. How can we produce oxygen, hydrogen? 
b. Row doe s industry use  electrolysis, and 
electroplating ? 
c .  How does a storag e battery work? 
(1 )  H ovt to care for it. 
3. Magnetic effect of an electric current. 
a. Making an electromagnet. 
b. H ow does an electric bell �ork? 
c. Electrical instrument s. 
( 1) �Vhere and how to use. 
d. Eow to make a motor. 
4. Electromagnetic induction. 
a. How can we produce electricity? 
( 1) A . C . , D . C .  
b. What is back electromotive force? 
c. The induction coil. 
d. Transformer. 
( 1) Uses, efficiency. 
e. Telephone circuit. 
Unit VI. ( Continued) . 
( 1) How does a carbon microphone work? 
(2) How can we get by with one ·Nire between 
stati ons? 
5. Electronics. 
a. How does a radio tube work? 
b. :�!hat are the part s of a radio, and what 
are their functi ons? 
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Comments On The Outline 
With no avail abl e textbook, it seemed of vital import­
ance that the students have an outline of the unit at the 
beginning of each unit. It was good to have the student 
visualize the skeleton outline and have it take sh ape as 
progress was made. 
The reader must recognize the fact that the time 
necessary for developing and completing a unit was not 
in direct proportion to the length of the outline as 
presented by the 'Rriters. 
The outline in general follows a sequence of C 8nc epts 
which is rea.dily ad2pted to any text a teaci1�r m2.y d!3 c, ire 
to use as reference. bince the outline consists mainly of 
topics, it is implied that the teacher should help the 
pupils state in their own words the ?cientific laws, 
principles and concepts. 
In order to be sure that the outlined contents of 
a unit were fully developed, the teacher had to b � satis­
fied that the pupil apply these principles in written 
problems, in g �neral discussion, and their everyday 
activities. 
Teaching Procedures Emplc,yed In Course Of 
Fused Physics and Che m�stry 
The te aching procedures, as report�d in this section of 
the study , are reported only to show how the writers taught 
the conter.t of the fu sed cours � for a period of one year. 
The methods used in teaching the fus ed cour se were not con­
sidered by the writers as the "one best way", and no doubt 
reflect the exp eriences of the writers who have taught the 
various high-school sciences a number of years. Teaching 
procedures must be adaptable and flexible to fit various 
teB.ching situations. The follo1�ing techniques , for the most 
part , were found satisfactory under the conditions as found 
in the Watertown High School. 
The pupils who enrolled in the fused course were placed 
in two classes of twenty-s ix and seventeen members. Conflicts 
in scheduling prevented the classes fr om being evenly divided. 
The writers , one a physics teacher , and the other a chemistry 
teacher , each taught one of the classes. This cond ition 
served to balance the objectives and content which were 
selected from the f ield of physics and that of chemistry. 
The writers we re unable to locate a textbook whi ch 
included the content for a fused course in physics and 
chemistry. Therefore , e ach pupil in the fused course was 
encouraged , but not required, to purchase two handbooks , 
one , "Basic Uni ts In Physics" , and the o.ther , "B asic Uni ts 
In Chemistry" , (listed in full in Appendix A) . About 
n_inety percent of the pupils purchased these handbooks. 
For those who did not purchase the handbooks , the handbooks 
were made available as ref�rence books. These handbooks 
facilitated the reference work for the pupils , and also proved 
an aid in making assignments. Many of the questions , problems , 
and explanation s were taken from thes e handbooks. Reference 
texts (titles listed in Appendix A) in chemistry and physics 
were made available in the classroom and the school library. 
The reference texts were used mainly during the supervised 
study , or before and after regular class periods. 
A list of experiments was prepared in advance of each 
unit (Appendix C ) . The experiments were in most cases 
performed by the pupils as  demonstrations. In a few ins tances 
the experiments were damonstrated by the teacher when it was 
felt that a consideration of factors involving such procedure 
was desirable. No individual laboratory work was done.1 
Experiments were selected by the teachers and assigned to 
two pupils a few days in advance of the demonstration. These 
pupils were given laboratory manuals in order to study the 
procedure , gather the necessary equipment , rehearse .the 
demonstration , perform the experiment,  and explain or answer 
questions directed from the class. There are always a certain 
number of experiments which may be classed as "emerg ency". 
By this , the writers refer to such demonstrations as are 
necessary to enlarge upon a principle or concept to provide 
better and more thorough understanding. 
1. Cunningham , H.A. , "Laboratory Demonstration Versus 
Individual Laboratory Method in Science , A Summary" ,  
Science Education , XXX , (March 1946) , Pp. 78-79. 
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The equipm�nt nece s sary f o r  these experiments or 
demon stra tions  was not as extens ive as that which is re­
quired in th� c onvention a l  cours e s  of phy sics or chemistry, 
s ince the  more c oEtplex experiment s were  avoided. In advance 
of the classroom demons tration ,  tte pu;ils plac ed thg equip­
:nen t on a portE,ble t able  ,,..r:h. i ch we.s �,he 8led into the cla ss ­
room at the b eginning of th e clas s per iod. This sav�d t ime 
in col l�c ting the :nater ials  or c arrying th em into th� cle.ss­
room �h�n s everal tri1=,s were nec essary. The classroom was 
equi pped with a demonstration t able equipped with water, 
drai� ,  electr ical  ou tlets , and s ource of �ropane g as. 
Cla s ses in th8 fu sed cours e, c onve�tional phy sic s and 
conventional chemistry were taugrit in the s2.!ll.e room , how­
ever -+-he con�.;-er..tional physics and chemistry classes had 
separate laboratories for individual  experiments. 
The class per iod in the fu sed course wa s utilized in 
presenting and developing the units of work. The charac ter­
is tics of the word "u.'r1i t" are those as  suggested by J. ;F.inor 
2 Gwynn. The ba sic principl e s  underlying the � � thods employed 
in developing the uni ts were s elected froCT a list as accepted 
3 by A.A.  Douglass. These principle s  are :  
1. The stud ent must have a con scious goal to�ard 
which to work. 
2 . - Interest condit ions learning. 
3 .  Concrete experiences are essential.  Some 
kind of adjustJ1ent i s  nec e ssary on the part 
of the pupil. 
2. Gwynn, J .  Minor, Curriculum Principle s and Social 
Trends , Pp. 1�6 - 17� . 
3. Dot1glass, A.A. , Modern Secondarv Rduc 2.ti on, Pp. 63Q-6 36. 
4 .  S omB kind of plan mu s t  be  evolved in order t o  
carrv out 2ny g iven le arning uni t . 
5 • 'T. he  pro,� e du r e  mus t b e  f 1 ex i:'J l s • 
6 .  R 3 sul t s  :ilu s t  in  s or-ne •,;av , '?.  ev2 luat�d . 
38 
The  t e � chin� techn i qu e s  var ied  w i th the c ont ent or 
�ater i al t o  b e  le a rned . A va r i e ty of supple�ent a ry �ateri als  
�as  u s ed  to  �ake the c on c e pt or  p� in c i p l �  mor e �s 2n ir g fu l . 
For ex2. ::1p l e , in  t e 2� c ·t"' in _g tte prop �r t i <:? s  o :f .:ia t t�r , fi lT.1 s trips  
were  e�nploy ed hv the 7-T i t er s  to  sub s t a n t i ate re ferenc e 
defir. i t i on s  and ctalk-b oard di s cu s s i on s . In  tr..e d i s cu � s i on 
of � to�ic  s t ruc ture , a mot ion pi c ture  dealing with b ehavior 
of e l e c tron s  wa s show t o  supplem�nt r eference work , cher t s , 
u s e  of current p sr iod i c a l s , g r&phs , and 8 psci a l  re por t s  t o  
b �  � iven dur ing cla s s  di s cu s s i on psr i od . 
E i�c e  each pupil  he..d 2.n out line of t :-1� uni t  b e  inf 
s tud i ed , each s e c tion of t�e  uni t  �a s intr odu c ed by di s cu s s ing 
t h8 s e c t i on in t er:1i s of the con c ept s  already e s t 2-blished in 
the pupils ' pa s t  experienc e s . After the s e  conc ept s  were  
org ani z ed ,  th9 s tudent s �ere the� led  t o  see  that they had 
to do s o:ue r e s e arch and s tud:' o.n the i r  mm . f. up ervis 3d s t 1Jdy 
.1.- a s  u t i l i zed & s  the oc c a.s ion de·l112.21d.ed i t . i}ur ing s u-o� rvi s 9d .. 
s tudy , the s tu d ent s a sk�d que s t i ons privately and r 2ceiv�d 
h �lp  fro:n the t eacn.�r . vrnen an ou t-of- c la s s  s tudy or 
a s s ignment was mad e , an attempt was made  to g i v e  the  s tudent s 
a c l 2ar  under s tE.nding of -,vha t  t o  look f or . Find ing the 
�ater i al in the l ib rary was l � f t , in mos t  c as e s , to  the 
d i s c r e t ion of t�e student , and he  �� s �ore or l e s s  on hi s 
ovm a. s t o  the amount of work he  did  out of cl3. s s .  
The fu s ed grou p  6 id not  hav2 the in t 9l l e c tu a l  nor 
. .  a t � ��at i c al b ackg r ound to b e  ab le  to  do  th e � 2 � � qual ity of 
work as  the s tudent s in the c onvent ional phy s i c s or chemi stry 
clas s e s . H owever , a s c ient ifi c concept  can u sually b e  
co�iprehended more ful ly b y  ha.vin6 i t  v-?.r i. f i -� "1 b y  m�ans of 
bas i c  ari tnme t i c . 2 i:: n.ple  prob lems aL·;ay s  h� l p ?..-:: to e s tabli sh 
a b 2. s i c  c onc ept . The writers  u sed prob l 21ns v�ry fr �ely , hu t 
li 1n i  ti:� 5 U�9 ty pe of problem t o  s imple alg ,2b r a i c  equations 
involving d i r e c t and indir ec t  variations . 
Anoth '3r t e chnique  e-:npl oyeci wa s one of ·v orkshe8t s .  
rr1h<? S 9  c on s i s t<?-d of o_u '3 s t i ons  or pr ob l e::is  ( ey: .3. ·_Jpl =: s:-.:.0'-'m in 
Apps�dix B) wi:icn c o u ld b e  l ooked up in th-3 r �f<?r �nc e books , 
o� pr ob l�ms Tihi ch c ou ld b e  r eeson�d out . Th9 S 8  g en erally 
wer e excellent  for g r �up di s cu s s ion ,  wher9  t� e t e a cher 
re�n2.ined in the b ackg r ound and gtlided thP d i S ClJ s s i on . 
The t ime and effort in th e fu sed c our s e  ·Ara s  u t ili zed  
ma inly in developing the ba s i c  con c ept s  of  th � cours e .  
Obvi ou s ly ,  t:i.e ti :ne was not available  in  the fu sed  c ourse  
t 8  c:e v ·:? lo p a s  ::1&.ny pr L1c i pl � s  a.ni c onc e pt s  2. s i s  donie in 
the r 3gular phy s i c s  or chemi s try c las s � s . 
S inc e e ach  pu� i l  kept a noteb ook ,  i t  �a s u s �d for 
the f ollo�ing purpos e s : 
1 .  To  kee p  a rec ord of d a i ly a s s ignm�nt s ,  unit  
a s s ign�ents ,  and work sh�et s . 
2 . To  maintain an a c c ount of c la s s roo� di s cu s s i o�s . 
3 .  T o  r e c ord b a s i c  c onc e pt s sho�n1 in a d e�onstr �ti on .  
4 .  T o  kee p  not e s  on referenc e s  s tudi 9d . 
5 .  For s t udy and r�vi ew .  
6 .  1�rnen f1J lly dev-�l oped , i t  b ec a-:r1e the ir  t extb ook . 
After  r �g ,J ler c l a s s  p eriod s  were c ompl e t e d , t r1e  ',rr i t � r s  
� a t  t o � s tj� r ��� di s cu s s ed and revi ��ed the oroc9dure s  for 0 - � 
adv ::..nc � ci. · •.rork . 
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phas 3 of t��  fu s ed cou r s �  7hi ch par �l l e l ed � i �  �� j or t a a ching 
c n�t � nt , prot l ��s , SX)�ri� 9nt s , and d e�on s tr � t i ons w�r e 
e�ploy �tl in b oth s ec t i ons  of t�e fu s ed c ou rs e . 
S inc e the pup il s  ,;,.rho enrolled i n  th 2 fu s �d c our se  
d id  �ot  h2ve ti 3 b �ckgr ound to  do mu ch ab s tr 2 c t  r e a s oning , 
ev:;rv a t t ecipt  1.7as  :no.de to  '.112.ke e:,:[eipl e s  c 0ncr �t e . Thi s 
0vas ac c o, :'ipl i s!l �d by t:r1e u se of Li� su p n1 e :·ne� t e.ry .122. t er i a.l s 
in 1..1 s ins  th� c':� a.lk b oard for d e t ail?.d  dr a-�rin; � ,  r ough 
ske t c�� s , and d ia:� r 3.: ·,-:: s . 
The v,r i t er s  found tha t  s one pr inc i pl ? S  :=i ev-?.lo�_ e 6. 
ra.t�-1 1:; r  e 3. s ily 2. :nd t:1en a. g ain , the op ��os i t 1:;  or2. s true . 'Thi s 
was often t ru e  b e cau s e  of t�e past  exr �r i e� c e s  of the 
s tn:� �nt s . In th � s B :1e .s en s � , the re t s  of �ev�lop nsnt V :3. r i ed 
3ithin th� g r ou p . I t  wa s 2 l s o f �lt  ti s t  ver s � t i l ity �R s 
v i t �l  in the �ffic i gn cy of t e achinG thg fu s ed c our s e . I t  
was c oncluded that in the fus ed c our s e ,  t�e t e 2 ch2r  mu s t  
b e  c ons t antly aware of ind ividu al d ifferenc e s  an6 a 
c ons c i �n t iou s  effort mus t  be  �ade to  we e t  the needs · �nd 
inter e s t s  of t�e s tudent s . 
I n  t e achi�H.1, the f"'J s sd c ou r s e , the �,rr i ter8  cr:-o oer .".J t iv8 1Y 
pr e r � r9d  and u t �lize6 a v&r i s tv of te sts. Jailv ��i w� �tly 
:)rob l ��n s ol vin ?: . U n i t  'I � s t s  �"er �  u s eci t o . sv&lu t. t 9 the 
over-all under s tanding , retention ,  and integ ratim1 of the 
vni t i t s � l f . c ix-weei.: s t e s t s  wer e  <� '.'�pl oy �d ·:na inl,r :or the 
a s s ign�ent of clas s marks . A fina l examinat i on �a s �l s o  
c on s t ru c t ed for th 9 fu s ed c ou r s e . Thi s  fin al exa�inat i on 
-�& s u s ed for & s s i gnin� c l � s s  �arks an� wa s 2l s o  u s ed t o  
c o":ipa.re t h e  ranxs ob ta.ineci on thi s t e s t  .. _,... i  t h  the Cni t ed 
s t at e s  Ar�ed F or c e s  In s t i tute  T e s t  in f gnior E c i en c e  rh i c h  
�es also  g iven to the fu s e� g r oup . The r�AFI Test  in  S enior 
f: c i en c e  �a s c: l � o  g iven to the cl&. s s 2 s  in -+� onv�nt ion&l 
phy s i c s  2 ..nd c:':: �e :tii s try to s tv ciy th� achieve::.ent of t:C1::: s e  
clas s e s in the USAF'I 'I e s t  with the achievement which wa s 
The �ent2l  ab iliti � s  of ths s tuden t s  in th? fu s 9d 
cmJr s 2  .. ,te r e  e. lre a.d;' noted . 'Thi s informat i on oroved r.. elp-
ful in that it  gave an ir:dicPt ion ,  more or l es s , of what 
to �xp�ct  as far as  actieve�ent wa s c on c e rri g d . Ey u s ing 
a var i  9 ty of t e aching techn i q_u e s  and al l owin g a m2,xi:r:.um 
of s elf-expre s si on ,  it was felt that the pupil s in the 
fused course did the b e s t  they could in the testing u s ed 
in the s tudy . 
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Te sts, prepared by the writers, wer� given ev,�ry few 
clay s  or at the �nd of tne �?8 8:: in or::ler to deter·nine if the 
pupils wer8 grasping the �neaning s  of th2 c onc �nts  under 
c onsideration . Thes8 t�sts ,Nere highly ob jec tive since the 
ti�e elemen t in te&chin� this fused c ourse  did not allo� 
much time to be taken fro!:1 th� class period. in giving t:'le 
test s. The i te ·,ns on the s e  t� st s w�re  m8.i:1ly th� solving 
of s imple proble�s, drawing diagrans, explaining of conc�pts, 
answering compl etion questions,or providing the solution 
to thought q_uest ions. Thes ,3 t ,�sts made it possible to 
det9ct  the lack of understanding on the part of the pupils 
of basic c onc :ept s, and thus made it possib le to  cl 9.e.r up 
any :!listmders tanding before proceeding into work which is 
n ormally based upon t�at �hich ,recedes it. 
Evaluation of the pupils' progres� was ffiade at the . ' 
completion of each unit, (example sho� in Appendix D) . 
The items of t:nese tests consisted of : ( a) completion, 
(b ) multiple-choice, ( c ) matching, (d) true-false state­
ments, and ( e)  problem solving. The .typ�s cho sen ·,iv�re 
d etermined by th-9 nature of the ·material ovgr 1Nhich the 
students were being tested, and the time available for 
g iving the exasination. The se unit t�sts made evident 
the degree of attainment in achievement of the pupils in 
the fused course. They also aided the writers in checking 
the teaching methods being employed. If the end of a six 
weeks period closely approached the end �f a unit, the 
unit test was used as the six-weeks test for the assign-
43 
ment of class marks as W'3ll as t�e purposes mentioned above. 
The final test in the fused course ( shm�rn in Append.ix �) 
was jointly constructed by the · writ�rs. The test was highly 
ob j active containing one hundred seventy items. The pupils 
were allowed ninety minutes for the test, dividing their time 
equally between the two parts of the test. The t�st was 
lengthy and some parts difficiJl t. The pu·pils were urg ed to 
answer those questions which they could answer readily and 
then spend time on th� more difficult questions. The dis­
tribution of scores as shown in Table II shows that the 
TABLE II. SCOR8S :vIAD� BY PUPILS IN FUSED COURSE'. 
IN FINAL EXA�INATION 
Scores Frequ'3ncy Score s  Frequency 
130-136 1 74-80 
12 3-129 0 67-73 , \ 3 
116-122 0 60-66 6 
109-11 5 0 53-59 8 
102-108 0 46-52 
9 5-101 1 39-45 
88-94 4 32-38 
81-87 0 
Total 41* 
scores are ske\V8d to the right. This may be due to the 
distribut ion of scholastic ability, or the test was too 
lengthy, or ti1e test i t erns were too difficult. The mean 
score was 61 .6  and the median 58 . 2  Since the standard 
deviation was 20 . 3  it would indicat� the rather high 
variability of achievement of the pupils in the fused 
course. The items which were included in �he final 
exaE1ination as prepar�d by the writers varied a great deal 
* Two pupils were unable to take the final �examination. 
. . _: � 
� - .. : . .;-_E 
:..· ;_ .. �-::-:�! 
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in deg r ee of difficulty . Prob le� s olving using �atheilla tic s  
t o  de rive an &nsw2r pr ov9d t oo diff i c u l t  for  th? average  
pup i l  in the fu sed  group . 
T e s t ing U s 9d For C o�parative Purpo s e s  
The wT i t e r s  were intere s ted in h o�v the c la s s e s  in  the 
fused c our s 8  c o11pared wi th the clas s e s  {n c onvel'ltional phy s i c s 
and chemi s t ry in achiP.ve�ent i n  under s t2nd ing b a s ic princ ipl e s  
and c oncept s i n  the field o f  phy s i c s  and cr-:�:.�i stry . E inc e 
they felt tha t  th8 final t e s t  in the fused course  which 
they prepar ed was not s tandard i zed it  did n ot app�ar prac­
ticab le to  g ive thi s t 9 s t  t o  the conv.9nt i onal physic s  and 
che�i stry cla s s e s  for c omparat ive purpose s .  Al s o ,  the t ime 
ele�ent pr�ven t �d such  a proc edure a s  the c onventional 
c las s e s  wer e  r equired to �ri t e  standardi�ed examinat ions  in 
t�ei�  re spe c t i ve fi8lds . 
T o  compare achi evement b et�een the cla s s e s in the 
fus ed c ours e  and the conv3nti onal clas s e s  in physic s and 
ch -3mi s try , the ·;-rite r s , ·:.rith the as s i s t an c e  of th9 high­
s chool princ ipal , s tudied  s ev9ral test s and eventually 
s ele c t ea · the United Stat e s �Ar�ed- �orce s -�ns t i t�t e  Tes t in 
S eni or S c ienc e ( sho�m in Appendix G )  b ec au s e  it was the only 
t e s t  found , whi ch mor-e than any oth�r , includ�d func�a:.nentally 
the c onc ept s and principl 9 s  in phy s ic s and ch�mis try . This 
was not  a t ime-test . I t was designed to  mea su re primarily 
the achievement and mas t �ry of sc ientific  principl e s  and 
the i r  appl i c a tions . Thi s  t � s t  wa s chos en ,  t oo ,  rath9r than 
-- - - � .  . -- -· - -- � . ,_ ·----
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u s e  our own t 9 s t , to el iminate  b i a s , fa!11i liar wording , or 
other  f�ctor s  which  mi ght enter  in . I t  was not an ideal 
s i tu a t ion ,  but i t  wa s a s  g ood as c ou ld b e  had wi th the g iven 
c ircums tanc e s . 
The two t e s t s  u s ed ware an&lyz ed i t e� by i t em t o  
d e t e r T ine  th� r e a l  c o�pos i t ion o f  t h e  t e s t s i n  t e rms  of 
s c i �nc e are as . The r e sult s  of thi s  2.n2.br s i s  are  shov:rn in 
Tab l e  II I . C ons idering the USAF! T e s t , it wa s f ound that 
TABLS I I I . ANALYS I3 OF TB S USAFI T 8ST IN  SEN IOR 
scI �Ncs  A:ND TArnI TSRS , Fn�AL H'.Y,_A.:: �INATI ON 
AS 'JO AREA OF QUEE'I'IOns 
Sc i en t ifi c Fi'?.ld  
Phy s i c s  
Chemi stry 
B iol ogy 
Astronomy 
Appl i c a t i on of  
S c i entific  Attitude s  
Total 
USAFI 
69  
30  
7 
3 
30 
Fi i'JAL 
80 
90 
0 
0 
there  were s ixty-nine phy s ic s  que s t i ons , thir ty ch91r.istry 
� ue s ti ons , s even b iology qu e s ti ons  and three  a s t r cnonw 
qu � s t i ons . In  addition there  were  thirty q ue s t i ons deal­
ing  with the applicat ion · of scientific  attitudes . The 
wr i t er s  u s ed all the ques t i on s  in s c oring the t e s t s  for 
c omparative purpos e s . In  the final t e s t  there  were e ighty 
phy s ic s  que s t ions  and ninety chemi s try que s t ions . The 
one hundred thirty-nine que s t i ons in the USAFI Te s t  were 
all of the multiple-choic e type  (Appendix G ) . Qu estionf 
involving mathema t i c al c omputation in b oth phy s i c s  and 
chemi stry wer e  scattered throughout  the te s t . Diagrams 
·nere al s o  u s ed in s e vente en of the c:ue s t i on s . 
I n  t h e  final  t � s t ( A :9 .r end  ix S )  , t 1 1  er  '3 wa s s. v 2. r i e t  y of 
ques t i on s . In th � ch9 �i E t ry s ec t i on t�er a  were  t�9n ty-five  
tru e -fal s e  s t E tem�nt s , tw�nty mu ltipl e -choic e ,  fifteen 
;·:
1 a t cr..ing , twe�-1 ty-fiv<:;  c o:np l � t i on a:r_·:5 f iv:� c o:npu t& t ions . In  
t�e  phy s i c s  s e c t ion t��re we r e  s ixty c o�pl � t i on and t�e�ty 
prob le�s v��i c h  recu i r ed b � s ic  arithme t i c  c omputat ion .  T�e 
reader  may won�er why there  are more ch emi s try q u e s t i ons  
thsn phy s i c s  �ue s t i ons . E o�ever , one shou �d note th2t the 
phys i c s  � ues t i on s  inc luQeC �rob less whi ch took c onsiderab ly 
�or� t ime t�an  tte true-fal s e que s ti ons . Th � ninety 
. -�inu t e s a.llo�·.r 9d for tr_e t e s t  -:rr �re  equ ally r:l. i vided b et ·�·e en 
the tvo s � c t i on s  of the final  t e s t . 
The US AF! T e s t  in S gnior S c ienc e �as g i ven to  the 
two c l a s s e s  in th� fu s ed c ou r s ? ,  t�o c l a s 8 � S  in c o�ve� t i 0n2l 
c�e�i s try ,  �nd on� clE s s i n  c onvent i onal  phy s ic s . T�3re �a s 
no t i�e lixit  t o  tte  t e s t , 2nd t�e pup i l s  wgre  allo�ed to  
s top ·Nheneve r tr.1.�? ·.·1 -:; r'3  � i  th2r fini sheci or had ?..n �were�  s.11  
th� cue s t  i on s  p os s  i c 1 e • Th� s tu c1 2  n t s ·.v ':! r e u rged  to  t .s. >= e 
t}1 e i r  t i::ne and do  their  b -? st . 
Th8 TJEAFt Te st  c on t s.ined. · a - s ec tion of tr..ir t�: qu 2 r; t i on� 
i � aling � i th t�� appli c a t i on of s c ient i f i c  at t i tu�es . �he 
c omput ed med i an s  of s cor e s  in tni s s 3 c t i on for the g rou p s  
t e s ted a r e  a s  follo·N s : ( a ) thos e ha.vir:6 hc.d b oth phy s i c s and 
che�i s try , 17 ; ( b )  t�os e h&ving had c�emi s try only , 1 5 ; and 
( c )  thos ? h2ving �u sed  c our s e , 1 3 . The var i at i on in the 
a b i l i ty to apply s c i sn t i f i c  a tt itud e s  i s  prot ab ly due b oth 
t o  difference s  in pas t  ex peri �nc es  and in mental  ab i li ty . 
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T ab l e  IV r ev e a l s  tte d i s t r ibu t i on of � cor e s  of t :"":�  
t 2Y�n tr� =:  fu s � ;-� c our s e , t l-:o s �  �.vho :� ad l�a.d but  or_-� v � 2. r  of 
ch 0 �i s try , those  ��o had bu t one y � a r  of phy s i c s ,  and those  
��o had  ha6 2 ye ar  each of  phy s i c s  2nd ch��i s try . I t  � l s o  
Ti1BLS  I V . UEAFI rp n c rr  .- ii_, � ...... .  ECO:R SS :) .,...,  � .f' .tLii ?�PI LE - i · :-_ o 
PA P.T I C I I-·J_T �',D P1 '::� � T �ST I �G PT-, 0GRA-
S c ore  Phys i c s Phy s i c s  & Che:ni s try Fus ed Tot 2,l  
only Che:ni s try only 
1 1 5-119 ,J 1 0 0 1 
1 10-114 0 1 1 0 2 
10 5-109 1 0 1 O · 2 
1 0 0-lOL 0 1 0 0 1 
9 5-99  ,.... '"I 0 0 c:_ �- .) 
90-94 2 3 1 1 7 
8 5-89 1 � 3 0 6 .<:. 
8 0-84 ') 5 4 0 9 
7 5-79 · 1 3 2 3 9 
70- 71 1 2 8 6 17 
6 5-6 9 1 1 5 ") 10  _,,, 
6 0-64 1 2 8 5 16 
5 5- 59 1 0 7 9 1 7  
50-51  0 1 5 4 10  
4 5 -i+,9 0 0 1 7 8 
40-4l 0 0 1 4 5 
3 5-39  0 0 0 1 1 
T otal 11  2 5  47 43 126 
·· ;� e di an 87 . 5  83  6 6  58 . 5 6 7 .  5 
------�----- --------· .... -·-- -----·- - ---------·--- - -
shm\"S total s c ore s  of all c o�1b in ed . S ince  2. few s e.o ior s 
t �ok phy s i c s but  did not  t �k g  che�i stry , and a l s o  a f ew 
s :�n i or s  taking both phy s i c s  Emd cn 9 ·;ni s t ry at the s e..:·:·:e t L:1� , 
the t ot 2.l s in T' able  I V  do not ag ree  ·.vi th tho s e  in T able  I .  
The med i ans appear t o  b e  fai r ly c ons i s t ?nt  in vi9w of tte 
c on s iderat i on of th ? influenc ing fac t or s  of �9nt �l s b i l i ty 
and previ ou s �xp er i�nc e or training in s c i �nc 9 . Th� 
�edi an for tho s e  havin � che�i s trv only i s  more t�an tw enty 
of t>e  .�1ed i 2:.ns for  2. 11 � r ou � �  s t:Jd i ed . The l o'N .r1ed. ian for 
s �, o�n in Table  I I I  ind.ic a t �s ths.t the USAFI Te s t  c o�1tained 
over  twi c e  a s  :nany phys i c s i t e rr:s 2. s che··ai s try i t er;-s . '.!:'he 
l ow m9di an f or tje fused  group  prob ably refl � c t s  the l2ck 
of previ ou s  exp�ri enc e s  in s c i enc e and lower nen t a l  abilit i e s . 
On� would �xp�ct  t�e ,�d i an for  the � f oup  ��i c� had , 
� 
i:. 3.Q 
s o . � a��at more diffi c ult  t o  �c c ount fo� t�� fac t t�at t�os e 
h :-i vin; had phv s i c s  o�ly had 2 hi��,.,_ � r  :.n8d i s.n � c o!' �  then. any 
of the ot�er  grou�: s . Eowev-�r ,  t'.c.2  followin; t·a c t or s  �-:1c:.y 
\ 
he.v .e influenc -2d th '3 r!lC? ·-:'. i 3.n of th� phy s i c s -onl;r g r out :- ( 2. ) 
mhe ��dian I C  of  t�e el�v9n phy s i c s  s tu 1ents  �as 11 5 ;  ( b )  Of  
t��  1 ? 0 it ��s in  t�e UEAFI T e s t ,  o�ly 30  it e �s per t � i�ed 
i ir ? c tly to c�3�i s trv ;  a�d ( c )  Th �r e i s  & c er t e in a�aunt of 
che:11 i s try tauf(��t in any phy s i c s  cours ,:? .  
The wri t e :r s  had no me a!i s of c o.'YlpF.r ing thB s c ore s ::nac.e 
by the pup i l s  in the t 2 s t ing progr2.:·:1 'Y i th &n:r :ns.t i o�' &l or 
focal  norms , s inc e none �ed b e en e s tab l i shed . A s t a t i s ­
ti cal tr eatment o f  the s c or e s  was g iven only a �inor 
c ons i deration , as  i t  w�s r � al i z ed that t o  g ive a truly 
moan1· ·n,..,. f, ., l  0v ..-. 1ua+ 1· '"'n t1ri e s tu ,.:J�- T '.!,rou '. d  ta1n� S -?V�ra.""' l Y. A a-r_ .... � .  1 J.1 ,_, • 0 U \.;.. Q V \.. :  J. J J. J.  J '._l , - � - _ t::; _ 
O ther factor s  �hich t 2nded t o  make exa c t int �rnre tation 
: � · ._ ·•  
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diff i c ult wer� the s :1all nu�b-3 r of pu p i l s  in e ac:.1 g r oup , 
ano. th 3 ?Jide  v.s.r i 3. t i on in �:iei1L· .. 1 ab i l i ty betwe en the g r ou:9-
in.:; s .  
"ffnen c o:n s i :i �ri:ig the r e l 2. t ive p 3 r c ent e.g e s  of e t ch group 
in the u p  per one -ha lf L1  ab il i ty and th 9 upp gr  one-hs.lf in 
t e s t  s c or e s  on e1e U S AFI 'T e s t ,  a f � -v c or:1ps.r i s ons ·1ve r e  made . 
T::.o s e  �E:.ving ha�� cr..e:1i s try only , had S 5f -of e'l� g r � u p  in 
t:'1e u pper on�-half of the I �: '  s for al l grou p s , bu t had only 
l71 of the t e � t  s c or � s  in . the upp er  on e -half of t�� s c or g s  
f o r  a l l  g r oup s . O n  tne s a��e b as i s , phy s ic s  only , had 5 5� 
ab ove the ned i an in ab ility ,  and 731 above the me 1 i an in 
e. chi ·�vement . T:v� g r ou p  havinf h2.d both che.mi s t ry and phy� i c s  
had 4gc a2 ove the med i an i n  ab ili ty and 79� above the illed i an 
in achievement. S in c e  th� fu s ed g r oup had 19% ab ove the 
median in ab i lity and 241 ab ove th� rnedi.an in achievement , 
one mi ght c on s i t:er that they did r e l a t i�rely well . I f  one 
c onsidered that the pu pil � in phy s i c s  and che:ni s t ry f ormed 
a . s �l e c t  g r oup , then on the s ane b a s i s  by c ombining the 
phy s i c s only , ch8 ·;_-;ii s try onl:r , and. b oth c:ie::ni s try and phy s i c s , 
we f ind that the s el e c t  g r oup has 6 71 ab ove the �ed i an in 
ability and 6 01 ab ov13 the medi an ir. a cbieve:nent . 
The r e ader  might at  thi s p oint c onc lude t�at the 
writ�r s '  s tudy failed to uphold the f ind ing s of P e t er s on ' s 
study in �vh i ch he showed tha t thos e in fu s ed phy s i c s  and 
... 
chemistry · did better than the other groups in hi s c ompar-
i s on ;  namely , chemi s try only , phy si c s  only b oth phy s i c s 
and chemi s try , and s eni or s c i ence . R e c alling that hi s 
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study used equated groups of hi gh mental ability and that 
hi s r esults were obtain �d over a peri od of several y ears, 
· �ill enable one to cot·1p2re hi s sh1dy with that of the ,vriters.' 
I t  '!.ras not the purpose of tnis study to show that the 
achieve·'.:1ent ·.frdch they could expect t o  g et from th'?. group 
in the fu s ed course �ould excel that made by the othsr groups. 
Thi s might have been pos sib le if the gr oups had had si�ilar 
backgrounds in sci �nce training, and sicilar mental abilities. 
Fio,v -3ver, when Heidel studied the achievements of class '= s  in 
conv entional physics and a gener ali z ed high school seni or 
sci ence cour se, in '.vhich the cont ent was taken from physics 
and chemi stry a�d tau �ht �ith co�sum9r _ as pects, h� found 
that th� conv�ntional physics course proved more effective 
in bringing about highly si ;nificant gains in knowledge and 
understanding of physics principle s. Tp� writers felt that 
they were not justifi ed in comparing their study of a fused 
c ourse, taught without c on su�n �r aspects, to that of H eidel. 
To obtain a valid co:np2.ri s on of the fused group with the 
other groups, a refined testing procedure would have b e en 
required to measure outc m1es of education other than t�1.e 
acquisition of sub .ject matter. This was beyond the scope 
of this study. 
To  obtain a clearer picture of the results m�de by 
the fused group in co�parison wi th the other grouys being 
compared, the scores made on the USAF! Test and the !O's 
of the pupils were placed upon a scatt�rgram. The scatter­
gram also makes it easier to visualize the previous 
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d i scu s s ion con c � rning  rela t iv�  ach i �vem�n t � . F i gu re 1 sho�s  
that  ap oroxi�� t �lv � i ghtv p � r c e n t  of  thg  s t ud �n t s  fql l in  
F i g . 1 .  S c at t ?rgra� of  UEAFI T � s t  S c 0 r � s  and i en t al 
Abi l i tv S cores  o f  all Pu r i l � Part i c i pat ing  
t:�e f ir s t  ( u p p -?r  right ) anj thi rd ( low3 r  l �:"t )  qu 9.drqY: t s . 
�hi s might b �  int erpreted a s  a normal s i tuation . Abou t 
t �n p�rc �nt ar� in th� sec ond quadrant ( u p � �r  l �ft)  which  
mav be  indic a t iv� of  the fac t that th�v are  all und�r­
achi �ver s .  'Ihi s  i s  n0t n�c � s sarily tru �  f-or tw0 r9asnn s :  
f ir s t , thirteen o f  the fou rt 9en s tudents  �r� ct�mi s t rv 
students who . have not had physics, and secondly , the USAFI 
T �st had sixty-nine phys ics questions compared to thirty 
chemistry questions, (refer to T·able I II) . Those  in the 
fourth quadrant (lo�er right) might be though of as over­
achievers in respect to the test being considered. 
Again notice that of eleven phy sics students in all, 
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six students are in the first quadrant. This may be account�d 
f or by the fact that· there are a greater number of physics 
qu�stions in the USAFI Te·st . and also that tht3re is a certain 
amount of chemistry being taught in regular physics classes. 
About sixty-five percent of the students in the fused 
physics and chemistry course are in the tnird quadrant. 
This is where we might expect the� to be when w9 consider 
the distribution of !Q's for that group. (One pupil from 
the fused group is not included in tnis � �cattergram since 
there was no IO available) .  
In order to determine whether the relative ranks 
of the pupils in the fused course as determined by the 
USAFI Test in f 8nior Science would be- about the same as 
the ranks for the fused class in the writers ' final exam­
ination , a rank correlation was computed for the fus9d 
class on the two tests. This correlation was r = .84 
which may p ossibly indicate that the examination prepared 
by the writers might be used again as a fair index of 
achievement in such a fused course in physics and chemistry. 
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In summary of this section a few factors may be pointed 
out. Those in the fused course did not do as well in t�� 
USAFI Test in Senior Sci ence as the other groups being 
co:npar ed. Howev�r , when mental ability and past  exp,:�rience 
w8re taken into consideration ,  their achi evement app�ared 
comparabl9 to the oth9r groups. 
The items included in the USAF! Test which was us ed 
for the co�parison had pr edominately more physics it�ms 
than chemistry items which would make it possible for those 
pupils having had physics only , or both physics and chemistry,  
to do better than those  in the fused gr oup. 
In the final t�st which was given only to the fused 
group, the items in che�istry and physics were fairly well 
balanced, but s ince the median number correctly answ�red 
was about thirty-three percent, it would indicate that the 
--,, 
t�st was too difficult, or too lengthy. 
smW.i..ARY AND CONCLUSI ONS 
Recapitulation 
Throughout the development of this study , the writers 
were guided in their procedure by the following questions : 
Can phy sics and che�istry be fused into a one-year course 
for pupils vrho do not enroll in the conv a.ntional physics 
and chemistry classes? Will such a course be feasible ·and 
workable? �hat content will be included? How �ill it be 
taught? How will the laboratory �ork be handled? Can it 
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be adapted to the interests and ability levels of the pupils? 
Will the achieve�ent of the pupils in the fused course be 
comparable to th9 achievement of the pupils in the other 
physical science courses? 
After considering the ma jor ob jectives of science 
; ' 
teaching in s econdary schools , an outlin� of content for 
the fused course was s�lected. This outline was based 
largely upon previous studies by other authors who sought 
those ma jor principles and concepts in physics and chemistry 
deemed essential and desirable �or a general education. 
�ach of the writers taught a class in the fused course for 
a period of one year in the Watertown High School, and an 
evaluation of the fused course was at least partially made. 
The answers to the proposed questions are at least in 
part to be found in the following section ilnder "conclusions" 
and "evaluation". 
Conclusions and Evaluation 
From this study in a fused course in physics and 
chemistry for Wat�rtown High School, a cert ain nu�ber of 
conclusions appear to be justified, a nd some form of eval­
uation noted. 
The stud:r sati sfied tlie premi S9  that physics and 
chemistry could be fused into a one-year· course which 
possessed coher�nce, adiptability, and met the objectives 
of science education for secondary schools. 
In actually teaching the fused course, it was found 
that ths various tea.ching techniques could be easily 
adapted to the fused cours9 outline without any special 
training upon th� part of the teachers. It also proved 
that such a course may be taught in the regular cl2.�sroom 
used in teachir. g present clas s es in physical science. 
Classroom demonstrations by the pupils were found to 
be the most economical from a standpoint 6f time and 
equipment. This allowed a greater number of experiments 
than would have been possible in individualized laboratory 
experiments. 
Teaching the fused course by the methods used, re­
quired more preparation and guidance th'a.n if a textbook had 
been available and used. A great deal of resourcefulness 
on the part of the teacher was required in the organization 
of materiels and the guiding of student activities. 
If differences in previous experience and mental 
ability are not taken into consideration, then one may 
consider that the achievement _made by the fused group was 
inferior to that made by either those pupils who had taken 
the course in chemistry, or a year each of physics and of 
chemistry. However, in those cases where these differences 
could be considered, the pupils in the fused class did 
relatively as well as the pupils in the other classes used 
in the co�parison. The comparative test result s  agreed 
reasonably well with previous known facts about the pupils, 
such as past achievement, experiences, and mental ability. 
Since such outcomes of education, a� habits, skills, 
attitudes, and ideals are extremely difficult to evaluate, 
a comprehensive comparison of the groups in the study was 
not obtained. However, the fused course as taught, 
offered opportunities for growth in basic instrumental 
skills, growth in attitudes and appreciations, and means 
of developing functional understanding. 
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No  expressed effort was made to s ecure stu�ent r eaction 
to th9 fused cours e, but there . were a number of fa vorable 
comments during the year. 
Since the pupils in th� fused course were not 
scholastically as  capable as those in physics and chemistry, 
the teachers f ound it difficult to de�and - excellence in 
performance of org anizing reports, explaining dem0nstrations, 
and applying matl1e :natics in written pr oblems. It was felt, 
however, that they wade progres � in these respects during 
the year . 
Also, from observation, it appaared t�at some of the 
pupils in the fused group were very difficult to motivate 
reg ardless of  the teaching techniques employed. 
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Recommendations 
With· a goal in �ind, the writers · proceeded to set up and 
teach a fused course in chemistry and physics. The procedure 
and the reporting of this pro ject a re considered as more or 
less a "pioneering effort" in thi s field in S outh Dakota 
schools . Realizing that further study i s  needed and that un­
forseen problems will arise, it is our . intenti on to teach the 
same course in very much the same manner this coming school 
ye�r of 1951-52 in the Watertown High School . 
To others concerned in Education in South Dakota and 
those interested in the science field and in this study, 
we would make the following s1..1ggestions and recommendat i ons: 
1 .  
2. 
3 .  
Although this course has proven reasonably satis­
factory in the Watertovm High School, we do not 
claim that it  will fit in, as is, into any other 
school. The administration and teaching of such 
a course in another high schQql and especially 
in the smaller high schools will have to be 
adapted to the circumstances. Since both writers 
have previously taught in small high schools, we 
believe that such a course is feasible and has 
possibilities in o ther high schools. 
We recommend to those who would use the suggested 
outline to do  so with the understanding that i t  
was not intended- a �  a course  of study. Continued 
s tudy and development are necessary to better 
determine a satisfactory content, proper sequence 
of topics, and an ad justment on time allotments. 
It is also recommended that the teacher who 
undertakes t o  teach this course, have a good 
background in both physics and chemistry with 
college training in both. 
We recommend that sufficient reference materials 
be supplied to both students and teacher. Since 
no single textbook suited to the course could be 
found, the availability of good reference material 
is imperative. 
5 .  We recommend that this c ourse be taught as  a 
laboratory demonstration c ourse and avoid making 
it a purely ir.formational course. The demonstra­
tions should be done largely by the pupil s. 
Utilizing a numbgr - of interesting demonstrations 
will make a successful c ourse more likely. 
6. We recommend that an extensive testing program 
be employed throughout the course. Progress in, 
and mastery of each unit, should be checked by 
testing along with the regular instructional 
procedures. A wide variety of ob jec tive tests 
and problems . should be constructed and used. 
7. If we may be  permi�ted, we offer a suggestion 
that the South Dakota State Depart�ent of Public 
Instruction plan and org anize a workshop simila.r 
to the one which the State Department held on 
the campus of South Dakota State College during 
the summer of 19 50. At that time a workshop was 
organized for setting up courses of study in 
Science for the Seventh and Eighth grades, for 
General Science in the N inth grade, and for 
B iology in the Tenth grade. The purpose of the 
proposed workshop, a Physical S cience Workshop, 
would be to produce an enriched c ourse of study 
in Physics and Che�istry as well as a course of 
study for a Fused Course in Physics and Chemistry. 
; \ 
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APPENDIX A 
Handbooks and Reference Books 
A. Handbooks • 
1. Basic Units in Physic s, Frank E. Stewart, 
Republic Book Co. , Inc:-; 115 E. 53rd St. ,  N ew York 22, N .Y . 
2. Basic Units in Chemistry, Jos eph E. Johnston, 
Republic Book Co. , Inc7'; 115 E. 53rd St.,  New York 22, N.Y. 
B. Reference books. 
1. Elements of Chemistry, Brownlee, Fuller, Hancock, 
Sohon, and Whitsit, Allyn and Bacon, 1947. 
2 .  Chemistry At Work, McPherson, Henderson, and 
Fowler, Ginn and Company, 194a. 
3. Chemistry And Human Affairs, Price and Bruce, 
World B ook Company, 1949. 
4. Chemistrb For Our Times, Weaver and Foster, McGraw-Hill Book ompany, 1947. 
5. B asic Chemistry, Bayles and Mills, The Macmillan 
Company, 1947. 
6. Modern Chemistry, C.E. Dull, Henry Holt and 
Company, 1947. 
7. Modern Physics, C. E. Dull, Henry Holt and Company, 
1947. � ' 
8. Phvsic s, A Basic Science, ]�urns, Verwiebe, and 
Hazel, D. Van Nostrand and Company, Inc. , 1943. 
9. Experiences in Physics, L.R. Willard, Ginn and 
C ompany, 1939. 
10. Physics for Secondarx Schools, Stewart and 
Cushing, Ginn and Company, 1932. 
11. Physics of Today, Clark, . . Gorton, and Sears, Houghton Mifflin Company, 1940. 
12. Elementary gractical Physics, Black and Davis, 
The Macmillan Company, 1938. 
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APPENDIX B 
I llustration of Type of Worksheet  Used in Fused Course  , We,+. m War�:.y7s
?H7
.s. 
--------- ..... 
1 .  ( a) (b) 
.., , � - · - - - -
..4 ·-:-. - - - ,i.,4}1-I" -
/6 / --
-
( a) What ,,eight may be  added (b) 
before it will sink in water? 
_____ lb s .  (dimensions are in 
feet . Density of water 6 2 . 4 
lbs . /cu . ft .  
What does the ob j ect 
weight in air? 
____ gms . 
2 .  ( a) 
- 1  
- 150 ft. 
- al, 
( a) What pressure mus t  be (b) What i s  the force 
pumped int o  the diving suit?  against the end A if the 
___ lb s . /sq . in .  container i s  full of 
, -
l -
1 .  -
I.: -_1 ,·,., r c1 .::. 
I . - -
( a) Find the lift on the 
large piston .  lbs .  
-- - Yt\ c �u m 
4 . ( a) 
( a) Find the height d in 
inche s .  in . 
water?· lbs . 
(b) 
(b) What will be its 
volume if the nressure 
is chang ed to 29 .4  lb s . / 
sq . in . ?  c c . 
(b) 
..,.. �- -� 
(b)  Weight of dirigible 
and gas i s  50 , 000 lbs .  
Air weighs 1 . 3  oz . /cu . ft .  
How much ean it lift? 
_____ lbs .  
APPENDIX C 
Suggested Li st  of Teacher and Pupil Demonstrations for the 
Fused Cours e  
Unit I .  
1 .  Prepare a list  of ob jects  to be  measured , determining 
dimensions and volume . 
2 .  Weigh the ob j acts  in number one . 
3 .  Make drawing s of the atom as we visualize it . 
4 .  Demonstrate osmosis us ing egg membrane , or animal 
membrane . 
5 .  Demonstrate capillary action using two glass plate s ,  
or glass tubes of small diameter . 
6 .  Demonstrate surface tension using glas s of water and 
shingle nails ,  razor blade , or needle . 
7 .  Sho� c ollection of gases  by displacement of water . 
8 .  Hooke ' s  Law .  
9 .  Demonstrate special properties of matter . 
a Tenacity-try to pull a steel wire apart . 
b Duc tility-pull and stretch a thin copper wire . 
c Malleability-hammer a piece of lead . 
d Brittlenes s-break a piece of glas s .  
e Hardness-scratch a piece of glass 1n th a cutter . 
10 . Determination of density . 
11 . Determination of specific  gravity . 
12 . Weight change on heating a metal . 
13 . Heating of sowe common metals in air . 
14 . · Purific ation by distillation. ; , 
1 5 . Formation of oxides . 
Unit II . 
1 .  Prepare oxygen, showing properties . 
2 .  Demonstrate the acid-type fire extingui sher . 
3 .  Demonstrate unequal expansion, using ball and ring , 
and compound bar . 
4 .  Demonstrate coefficient of linear expansion .  
5 .  Demonstrate : 
�
a
� 
Convection-us ing box and candle .  
b -Conduction-several dis s imilar metals . 
c Radiation-radiometer . 
6 .  Mixture experiment , heat exchange .  
7 . Relative humidity , dew point . 
8 .  Study the Bunsen burner . 
9 .  Illustrate kindlL�g temperature u sing white 
phosphorus and pap.er .-
10 . Show properties of explosive mixtures . 
11 . Examine a thermometer and test the boiling points 
of water and alcohol . 
12 . Test  for carbon dioxide . 
Unit III . 
1 .  Archimede s� principle . 
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2 .  Atmospheric pres sure-heat gallon c an with few drops of 
water . 
J .  Lift pump, force pump, and the siphon . 
4 .  Vector forces and force diagram-use three or more 
spring balance s  and string . 
5 .  Det9rmine the coefficient of friction .  
6 .  Demonstrate principle of moments-use meter stick 
on fulcrum with two or more weights . 
7 .  Demonstrate pulley, wheel - and axle, inclined plane , 
lever . 
8 .  Illustrate and show Venturi principle . 
�
a
� 
Blo� between two suspend�d balloons . 
b Blow over a piece of pap·er . 
c Blow through spool with card and needle at 
other end . 
(d) Suspend ping-pong ball with air j et .  
9 .  Balance glass of water on edge using a 2 5cent coin . 
( set half-full g la s s  in groove) . 
Unit IV . 
1 .  Demonstrate direct combination by using air and 
magnesium ribbon . 
2 .  Show· decomposition by heating mercuric oxide . 
J .  Let metallic sodium replace part of the hydrogen 
in water . Als o  allow zinc to react with hydrochloric 
acid . 
4 . Show by demonstration, reactions which go  to an 
end through: 
�
a
� 
Volatility . 
b Insolubility . 
c Non-ionization . 
5 .  Demonstrate neutralization using� pheno+phthalein 
as an indicator . 
6 .  Show that all salts  are not neutral . 
7 .  Compare the action of common metals on com.�on acids . 
8. Demonstrate different methods of preparing the same 
salt. 
9 .  Study solubility of hydrogen chloride and ammonia 
in water . 
10. Examine the s olubility -0f potassium nitrate in cold 
and hot water . 
11. Show conductivity of electrolytes .  
12 . Illu strate softening of hard water . 
13 . Demonstrate flame tests . 
14 . Verify a chemical calculation .  
Unit V .  
1 .  Demonstrate a resonating air column. 
2 .  Demonstrate forced vibration,. ... 1ympathetic vibration .  
3 .  Suspend string on vibrator or  electric bell and 
vary tension on string . 
4 . Demonstrate candlepower, inverse square law using 
five candles .  · .j 
5 .  Locate image in plane mirror . 
6 .  Demonstrate reflection of concave , convex mirrors . 
7 .  Demonstrate refraction of lenses . 
8 .  Show the spectrum using a prism . 
9 .  Using red cellophane or red glass ,  notice color 
of blue and green ob jects .  
10 . Demonstrate polarized light . 
Unit VI .  
1 .  Plot magnetic field using permanent magnets and 
small compasses . 
2 .  Demonstrate magnetic lines-using permanent magnets 
and iron filings . 
3 .  Demonstrate static ·electricity : 
( a) Rubber comb , scraps of paper . 
(b) Rub balloon on wool clothing and it will 
cling to a wall • . 
( c) Charge an electroscope , discharge by grounding . 
Als'o discharge by holding burning match close . 
4 .  Primary cell . 
5 .  Wire three or four light bulbs in series and parallel . 
6 .  Hook dry cells in series and parallel . 
7 .  Take readings off old watt hour meter, or draw or 
make dials . 
8 .  Demonstrate electrolysis . 
9 .  Demonstrate a secondary cell . 
10 . Make an electromagnet . 
11 . Study circuit of electric bell and draw. 
12 . Draw and study diagram of electrical instruments . 
13 . Make a motor . = ' 
14 . Show transfo'rmer principles . 
-4--
15 . Build a telegraph . 
16 •. Bllild a simple radio-receiving ·set . 
APPENDIX D 
Example of Unit Test U sed in Fused Course 
Unit I. Examination--Fused Physics and Chemistry. 
In the following true-false statements, place a plus s ign 
for true and· a circle for false. 
____ l. Science is  of very little use in everyday living. 
�--2 ·  The greates t contribution of science to humanity 
was the atomic theory. 
�---3 · Ignorance and superstitution have often blocked 
the path of progress. 
____ 4 .  The scientific attitude implies that we know 
there is a caus e for every happening. 
5 .  In - the scientific method, facts are the deciding 
factors. 
6. ��at we don't know won't hurt us". 
----7 .  A "scientific guess n is known as a conclusion. 
____ 8. There would be more grams in a decigram than in 
a decagra.m. 
9. A liter of water weighs one kilogram. 
----10. The centimeter and �illiliter are about the same thing. 
=11. In a chemical reaction, the volume of the reactants 
will always equal the volume of the products. 
�-12. It would not be logical to state the density of a 
substance in ounces per cc . 
___ 13 . The weight of an ob ject may change, but its mass 
does not. : , 
___ 14. An atom always gains or loses �lectrons in a chemical 
reaction. 
___ 1 5. If a equals b divided by c, then b divided by a equals 
_16 . 
_1 7 . 
_18 . 
19. 
_20. 
c . 
The density of a substance is 3. 2 gm/cc. A liter of 
it will weigh 3200 gms. 
An element cannot b� separated into any simpler 
substance by ordinary chemical means. 
The volume of a subst-ance will vary. as conditions 
of temperature and pres sure vary. 
The density of any given substanc� will not change. 
The mass of a substance is best measured by a scale. 
In the following, write the name in the given blank which 
you think best fits the description which follows. 
1. An atom which has gained or lost electrons. -----
2. Fundamental unit of all matter. -----
3. Ability to do work. 
.... 
_ --�------4 . Tendency of a body at rest to  remain at_ rest. 
5. Matter which has neither a definite shape or -----
definite volume . 
6. An atom which contains an abnormal number of -----
neutrons. 
7. Type of charge an atom take_s when it loses -�-�--
electrons. 
_____ 8 .  Name given to type of compound formed by 
sharing electrons .  
---�----9 · A name given any substance which cannot be 
divided into any simpler substance by ordinary 
means . 
_________ 10 . A substance of varying composition . 
_______ 11 . Kind of energy illustrative of coal . 
_________ 12 . Form of energy in the storage battery . 
______ 13 . !'-lame given to elements which lose electrons 
in a reaction . 
14 . A substance wr:ose co:.nuosi tion never varies . 
���---1 5. A unit of volu�e in E�glis� system about 
same as the liter . 
16 . Attraction between like molecules . -----------17 . Mass of an ob ject divided by its volume . ------18 . N a�e given to electrons in outer orbit of atom . 
19 . Stands for one atnm of an e1'9m.ent . ----------20 . Unit in �etric system resembling somewhat 
our'"' mile . 
In the following ,  there are three choices . Place the 
letter a for the first choice, the l�tter b for the second, 
and c for th� third. 
__ l . 
_2 . 
__ 3 .  
_4. 
When th� te:rrnerature of a substance rises , its density 
usually (a . becomes less ; b .  beco�es greater; c .  re­
mains· the same) . 
The state of matter in which the molecules are moving 
the most rapidly is in a (a. soliq.; b .  liquid; c .  gas) .  
An atom has an atomic number of 43 . The element is 
th9refore a (an) (a . metal; b .  non-metal; c .  amphoteric 
element) . 
An atom which does not give or take electrons will form 
(a . covalent ; b .  coordinate ; c .  ionic) compounds . 
5. When a liquid changes to a g as, the molecules ( a .  speed 
up ; b .  slow down; c .  remain the same) . 
A liquid is pulled up in a small tube by (a. ad11esion ; 
b .  cohesion; c .  both) . -
__ 6 .  
_7 .  
__ s· . 
_9 . 
_10 . 
_11 . 
_12 . 
_13 . 
Dissolving table salt in water is an example of (a. a 
phy sical change ; b .  chemical change ; c .  energy change) . 
When a substance undergoes a chemical change it will 
(a . gain in weight; b .  gain in volume ; c .  appear 
differently) . 
As a liquid becomes warmer, the molecules (a. increase 
their size ; b. decreas e  their velocity ; c .  increase 
their kinetic energy . 
The prorerty of a metal which shows its ability to be 
pounded into thin sheets is terrred - (a . ductility ; 
b .  malleability ;  c .  luster) . 
The (a . volu�e ; b .  weight ; c .  mass) of a substance 
never changes . 
The basic unit of the metric system is a unit of 
(a . volume ; b. mass; c .  linear· measure ) . 
The density of a substance is 3 . 2 gm/cc . Expressed 
in the English sy:tem, it would �,e· �(a . < · 2 lbs/cu.ft . ;  b .  3. 2 lbs/cu.in .,  c .  199 . 68  lbs/cu.ft . J . 
_14 . 
_1 5. 
16. 
=17. 
_18 . 
_19 . 
_20 . 
�hen a chemic al reacti on occurs, energy is ( a. not 
alwa.ys required ; b. usually released ; c. always 
reauired) . 
An atom takes a ( e. positive ; b. negative ; c. ngutral) 
charge when it g ains electrons to co�plete its out �r 
ring. 
(�HV 2SO has ( a. 11 ; b. 13 ; c. 1 5 )  atoms in molecule. 
Tne�ydrfsgen atom combines with another hydrogen a tom 
by (a. covalent;  b. electrovalent ; c. coordinate) 
bond ing . 
The r =1.tio of hydrog en to oxygen by weight in �a.ter 
is (a. 8 to l ;  b. 1 to 8 ;  c. 1 to . 9) .  The pressur� exerted up�ard above a liquid is call�d 
(a. a tmospheric pressure; b. surface tension; 
c. vapor pressure) .  
The boiling point of a li(iuid will ( a. ri s e ;  b. low ·?.r ;  
c. remain same) when the barometer falls. 
In the following, write the letter from the right-hand column 
in the space at the left. 
A co�pound for�ed bv �haring electrons 
La� of definite  proportions. 
Molecular weight of a substance. 
Quanti ty of matter. 
Positively charged particle. 
Represents one atom of an  element. 
Element used in comparing weights of 
other atoms. : , 
A .  n eutron. 
B. electron. 
C. symbol. 
D. electro­
valent. 
E. mass. 
F. density. 
G. coval�nt. 
Law of �ultiple proportions. 
Proposed the atomic theory. 
Part of an atom which revolves about I. 
H. sum of atomic 
weights. 
molecule. 
Proust. 
oxygen. 
proton. 
Dalton . 
Pries t l�y. 
kinett c. 
pot�nt i �l. 
weight. 
the nucleus. J .  
Smallest particle of a substance whi ch K. 
s till has all properties of substanc e. L. 
Discovered oxygen. H. 
�nergy due to motion. N. 
Compounds formed by exch�ng ing electrons. O. 
Measure of pull of gravity upon an obj ect.P. 
Q. 
Ir'. the following ques tions , write the word or phras e  neces sB.ry 
to complete the meaning of the s tatement. 
1. An atom possesses ( ) balance, ,111hile the ion 
possesses ( ) balance. 
2.. The density of a substance i s  found by dividing i ts ( 
by i ts ( ) • 
j .  Atomic study shows that when an atom loses electrons in a 
reaction, it should be termed a ( ) • · 
4- •  The smallest or simplest of all atoms is the ( ) atom. 
) . 5. The mos·t abundant ,of all the elements is · ( 
6. In general, metals combine wi th ( ) • 
7. Compounds c an be separated into two or more ( ) . 
) 
8 . The volume of a substance is found by dividing its ( 
by its ( ) .  
9. The density of a substance is expressed in ( 
the metric sys tem. 
A scientific guess is known as a ( ) .  
) 
) in 
10 . 
11 . 
12 . 
13 . 
A scientific { ) is discovered , not made. 
Atoms of any kind may not contain more than ( ) orbits. 
Two atoms which have the same atomic number, but different 
14 .  
1 5 . 
atomic �eights are termed ( ) .  
Of necessity, any substance is  compos ed of eith8r 
molecules or ( ) .  
The word ( ) means indivisible. 
Thought problems. 
1. John noticed that Edward was boiling water ; so he put a 
thermometer into the water and found that the water was · 
boiling at 18 5 degrees Fahrenheit. What would your 
conclusions be as to what John and Edward were doing?· 
2. If air weighs 1. 29 gm. per liter , hm�t much do you think 
the air would �eigh in this room if the room is 20 ft. 
long, 16 ft. wide , and 15 ft. high? A cubic foot conta.ins 
7t gal. Do you think you could lift the air in this room? 
:. ' 
3 .  If gravity pulls upon an ob ject in direct proportion to 
its �ass, should a heavier person be pulled faster than 
a lighter one? State your reason. 
4 .  Do you think an ob ject would fall towards the earth in 
a complete vacuum? 
5 .  Do vou think that all accidents are avoidable? State 
your reas·on or reasons. Give an example if it helps. . 
6 5  
APPENDIX E 
Final Examination Prepared by Writers-- for Fused Course 
In the following true-false statements ,  use a plus sign for . .  
true , and a circle for false. 
_____ 1 .  A wire which is 23 . 4  cm. in length would also be 234 
rnm. in length. 
_____ 2. In a chemical change , we may easily recogr.ize the 
products as they will ha.ve  the properties of the 
original reactants. 
______ 3 . A chemical mixture always contains the s ame - elements 
in the same proportion by weight. 
l .  An ion of an element contains the same number of ---
protons as the _atom of the same elem�nt. 
5 .  A few common metals will not react with sulfuric acid. -----
____ 6. An atom having three electrons in its outer ring 
would probably be classed as a metal. 
___ 7. When an atom gains electrons·, 1 t takes a positive 
charge. 
___ 8. Solutions are exar1ples of chemical compounds. 
___ 9. Carbon forms most of its comp·ounds by electrovalent 
bonding. 
____ 10. If an atom has lost two electrons, the ion has a 
valence of a minus two. 
__ 11. Carbon is used to take oxygen away from many metals. 
____ 12. A covalent compound is usuallY. ,a good electrolyta. 
____ 13 . All water- soluble acids are electrolytes. 
14. The molecular weight of water is sixteen. 
----15 .  Water is a chemical compound. 
----16. Water is a poor conductor of electric ity. 
:::=:17. The atomic weight of an atom is always greater than 
its atomic number. 
18. Most chemical reactions are easily reversible. --
19 . Oxygen can replace chlorine .in a chemical reaction. --
20. In N 2o5 , the valence_of nitrogen is 4 .  :::=:21. Compounds with high positive heats of formation are 
quite stable. 
__ 22. An alloy is a mixture of two or more metals. 
_____ 23 . The density of air is less than the density of carbon 
dioxide. 
24. Carbon tetrachloride i s  used in fire extinguishers. 
:::=:2 5. Water will react with sulfur trioxide to form 
sulfuric acid. 
In the .following multiple-choice questions, place the letter 
in the blank at the left which best completes the meaning of 
the statement. 
-
_____ 1. Energy is (a) liberated ; (b) absorbed ;  (c) changed ; 
(d) destroyed when a liquid changes to a gas. 
______ 2. A molecule ( a5 contains two or more atoms; (b) contains 
two or more unlike atoms ; (c) m�� contain one atom; 
(d) is variable in composition for a given compound. 
____ 3 .  The atomic number of an element tells us  ( a) number 
of neutronsJ (b) number of orbits ; ( c )  number of 
protons ; ( dJ number of electror� in the ion. 
____ 4. Any chemical reaction which g ive s off visible light 
and heat is  termed ( a) combus i on ;  (b)  burning ; 
( c ) oxidation ; (d) electrolysi s. 
____ 5 .  When a metal reacts with an acid , ( a) the metal gains 
electrons ; (b)  the m9tal is unaffected ; ( c) the gas  
hydrogen is liberated ; ( d) hydrogen ion loses  electrons. 
__ 6. An atom (a) always ; ( b )  usually ; ( c ) may ; ( d) never 
has more than eight electrons in its outer ring. 
____ 7. When iron unites with o;,cygen, it ( a) gains electrons ; 
(b ) loses  electrons ; ( c) share s  electrons ; (d) loses 
in valence. 
____ 8. An acid will ( a) be  very soluble in water ; (b) highly 
ionize ; ( c) contain hydrogen i ons in water solution ; 
(d) turn red litrims blue. 
____ 9. If  an electric current is  pas s ed through molten table 
salt,  the ( a) . s odium ions lose electrons at the anode ; 
(b) the chlorine ions lose electrons at the anode ; 
( c )  sodium metal i s  found at the anode ; (d) the process  
is  termed electroplating. 
____ 10 . The valence of sulfur in sulfuri c  acid i s  ( a) plu s 6 ;  
(b) plus 3 ;  ( c) plus  2 ;  (d)  minus 2 .  
____ 11 � (a) Carbon ; (b ) nitrogen ; ( c) chlorine ; (d) oxygen 
is a very inactive element forming relatively unstable 
compounds. 
____ 12. 1Nhen table s alt  reacts with sulfuric acid , one of the 
products is  ( a) hydrogen; (b ) chlorine ; ( c) s odium; 
(d) hydrogen chloride. �, 
_13. The reaction bet.ween a metal and an acid al,:";'ays 
12roduces ( a) hydorogen ;  (b)  an acid ; ( c) water ;  
{ d) a salt. 
____ 14. The smallest particle of a substance which has the 
properties of that sub stance i s · ( a) an ion; (b )  an 
atom; ( c) a molecule ; (d) an .element • 
. ____ 15. Acids  whose  names �nd in -ic have radicals whose  names 
end in ( a) -ite ; (b) �ate ; ( c )  -oic ; ( d) -ol. 
_____ 16. When sodium c ombines with chlorine , ( a) heat is  
liberated; (b)  heat is  absorbed ; ( c )  an acid i s  formed; 
{d) a base i s  formed. 
_17. All atoms of the same element c ontain the same number 
of ( a) protons ; (b) neutrons ; ( c ) positrons ; 
(d) negatrons. 
____ 18 . The ratio of hydrogen to oxygen in water by weight is 
( a) 1 to 16 ; (b)  8 to l;  ( cJ l to 8;  (d) 2 to 1. 
____ 19. Molecules  of most· gases contain (�) 1 ;  (b) 2 ;  ( c )  3 ;  
(d) 4 atoms. 
____ 20. The most abundant gas in the atmosphere is  ( a) oxygen; 
(b)  c arbon dioxide ; ( c) water vap9r ; (d) nitrogen. 
Place the letter from the right-hand c olumn which is  best  
assoc iated with the t erm at the left. 
1 .  density . A . most  used solvent . 
2 .  specific gravity . B .  molecule s . 
3 .  formulas . c .  heavy hydrogen . 
4 . mercuric oxide . D . c ovalgnt . 
5 .  speed up . E .  weight divided by volume . 
6 .  water . F .  deoxidizing . 
7 . i s otope . G .  catalyst .  
s .  allatropic .  H .  weight c ompared t o  a 
9 .  reduction .  s tanda.rd . -10 . hydrogen . I .  ozone . -11. carbon .  J. cathode . 
12 . positive electrode . K .  electrolyte . 
-13 . ionic. L .  Priestley .  
=14. separation . M .  Cavendish . 
_15 .  oxidation . N .  anhydride . 
o .  deliquescent . 
P .  distillation .  
Q. anode . 
R .  loss of electrons . 
In the following completion questions , print the word in the 
blank at the left which b est completes  the meaning of the 
s tatement . 
__________ 1 .  Anything whi ch occupies  space and has weight 
is defined as ( 1) . 
------2 .  Any sub stance  which cannot be divided into any 
simpler sub stance s  by ordinary chemical means 
is a ( an) ( 2) • ; ' 
__________ 3 .  Oxygen unites  with mos t  elements to form ( 3) . 
__________ 4 .  An atom having an atomic number  of 16 would 
have (4) orb its . 
5 .  An atom which has a c omplete outer ring or -----------
orbit  is  termed ( 5) . 
_____ 6 .  The (6)  of an ion is  determined by the number 
of electrons lost or gained in a reaction .  
______ 7 .  A { an) ( 7) i s  the term applied t o  a sub stance 
being dissolved in a solvent t o  form a solution .  
8 .  An atom always has the same number of electrons  ����-
as i t  has ( S J . 
9 .  
-----io . 
11 . -----
12 . -----
13 . -----
____ 14.  
-----15 . 
16 . -----
The mos t  active non-metal is ( 9) . 
An atom which has gained or lost electrons is  
termed a ( an) ( 10) . 
Dissolved s olids ( 11) the f�eezir� po�ot of a 
solvent . 
The reaction between an acid and a base is 
called ( 12) . _ 
-
A (an) (13) substance ab sorbs moisture from 
the air . 
In general , the warm�r a sol3ent the ( 14) of 
a substance it  can dis solve . 
An ion composed of two or more atoms is  termed 
a (an) (15) . 
As the temperature  of a gas increases ,  its  
(16) increases  provided its  volume remains 
constant . 
17 . -----
18 . ----
19 . ----
20 . ----
21 . ----
22 . -----
-----23 . 
-----24 . 
----2 5 . 
Problems : 
Fifty degrees Fahrenheit will be ( 17) degrees 
Centigrade . 
All or�anic compounds contain the element ( 18) . 
If (19) i s  passed through limewater , a �hite 
precipitate occurs . 
The most  abundant element on the earth ' s surface 
i � ( 20) . 
All ( 21) contains the hydroxide ion in water 
solution . 
A ( 22) is  a combination of positive and negative 
ions . 
If  any solution conduct s  an· electric current 
small particles called ( 23 ) must be  present 
in solution .  
If the ( 24) remains constant , the volume of a 
gas varie s  inversely with the pres sure . 
A ( 2 5) c ontains the same elements in the s ame 
proportion by weight . 
1 .  Vvhat weight of zinc will react with 100 gms . of available 
sulfuric acid in dilute solution? 
2 .  Write the equation for the burning of hydrogen . 
=- ' 
"""' 
3 .  How many atoms are there in a molecule of ammonium sulfate? 
4 .  What percent of pure  ferric oxide i s  iron? 
5 .  
�
a
� 
What is  the valence of the ion . of A? 
b What is the valence of the ion of B? ____ _ 
c Write the formula for AB . ----
O· 
0 
· - --
B 
-· · 
Write plainly in the. blank at _:the left the word or words 
omitted. In some cases, . the answer wiil c onsist of a formula 
or numbers . 
1 .  
2. 
3 . 
4 .  
5 .  
6 .  
7 .  
8 .  
9. 
10 . 
11. 
12. 
13. 
14 . 
1 5. 
16. 
· 17 . 
18 . 
19 . 
20. 
21. 
22. 
23 . 
24. 
2 5 .  
26 . 
27. 
28 . 
The tendency . of a body in motion to remain in 
motion is (1) . 
The ability of a material to be  hammered into 
thin sheets is ( 2) . 
A razor blade c an be made  to float because of 
( 3 )  • 
• 9 meter equals ( 4) centimeters. 
3 kilograms equal ( 5) pounds. 
The density of water is (6 )  lb s. per ( 7) . 
( 8) law states that a pressure applied to an 
enclosed fluid will be transmitted undiminished 
in all directions. 
A hollow glass tube designed t o  measure the 
specific  gravity of a liquid is c alled a (9) . 
The law of buoyancy was first announced by (10) . 
The weight of air exerts a pressure of ( 11) 
per square inch. 
A force which can do the same thing as two or 
more other forc es is called ( 12) . 
When velocity is  continually changing i t  is 
called (13) velocity. 
When a body . is most difficult to tip over , it 
is said to be in (14) equilibrium. 
A rotating body experiences an outward force 
called ( 1 5)  force. -
Force times the distanc e  through which it 
moves is defined as (16) . 
The efficiency of machine� is expressed as a 
ratio of (17) .  
The mechanical advantage of any machine is the 
ratio of ( 18) . 
The degree Fahrenheit i s  (larger , smaller) 
than the degree Centigrade. 
The lowest possible temperature on the Centi­
grade scale is ( 20) . 
The process  whereby heat travels along a metal 
rod is referred to as ( 21) . 
The silvering process in · a thermos bottle 
conserves heat by reducing transfer by ( 22) . 
It takes ( 23) calories of heat to melt one 
gram of ice. 
The temperature at which water will condense 
on ob jects is known as ( 24) ; 
The unit of heat in the F.P.S. system is the 
(2 5) .  � 
Sound ( can, cannot) travel in a vacuum. 
Sound waves are ( transverse , , longitudinal).  
The reflection of confused sound waves is 
called ( 28). 
{ : 
. � 
____ 29 .  When you sing a single pitch next to an open 
piano, the strings will respond with the same 
pitch . Thi s occurrence is termed (29) .  
________ 30 . The sound of the note C of a violin can be  
distin�uished from that of  a trombone b ecause 
of ( 30) . 
_________ 31 • .  The heavier the string, the ( 31) the pitch . 
_________ 32 . The tighter the wire, the (32) the pitch . 
____ 33. Radio waves are ( faster, tl:e same , slow�r) 
than light waves . 
_______ 34 . A material through which an ob ject can b e  clearly 
seen is said to be ( 34) • · 
________ 3 5 . As  a light ray passes from water to air 2 it seems 
to be b ent . This phenomenon is called { 3 5) . 
________ 36 . When light wa
.
ves are scattered by bein� reflected 
from a rough surface, it is  called ( 36) . 
____ 37 .  When the reflected rays  of a mirror only seem · 
to meet, the image is classified as ( 371 . 
_________ 38 . A person who is  farsighted should wear ( 38) lenses . 
____ 39 . In red light, the color· of a blue tie is · ( 39) . 
_________ 40 . An incandescent solid will give a ( 40) spectrum . 
_________ 41 . Magnetic lines of force are said to go from (41) . 
________ 42 . A substance, like iron, which is easily magnetized 
is said to be (42) . 
43 . An electrical instrument that determines the ---------
presence of a charge i s  called a ( an) (43) . 
44.  An apparatus that actually stores  electricity is 
--�---- called a (44) . 
�--------45 . Often in the simple cell:, ' impurities are found 
in one of the elements which decreases the 
efficiency of the cell . This is termed (45) . 
__________ 46 .  The defect in question 45 can be  eliminated by (46) . 
47 . Overloading a wire is more easily done in -------
(series, parallel) wiring . 1 · . 
48 . When the external resistance is small, it  is --------
better to hook the dry . c ells in (series , parallel) . 
49 . The strength or.. an elec tromagnet depends on 
---50 . (49) and { 50) . --
--
--
--51 .  In a telegraph c ircuit, when the incom!ng signal 
is weak, it may be amplified by means of a ( 51) . 
52 . The ob j ect to b e  plated in ·an ·electroplating --------
process is  usually atta�hed �o the ( 52) terminal . 
53 . Faraday showed that the amount of metal deposited 
--------54 .  depended on ( 53) , ( 54) , and ( 5 5) .  
____ 55 . 
56 . ----
____ 57 . 
58 . ----
____ 59 . 
60 . -----
An instrument which shows the direction of small 
amounts of current is a ( 8.12) { 56) . 
In a step-up transformer� the cu�rent in the primary coil ( 57) a current in tne secondary coil . 
A generator that u ses slip�rings produces ( 58) 
current . 
A devic e  which lets curren� go through one way 
only, i s  called a ( 59) . 
When a radio tube operates . the current flows 
only from (60) to the plate : 
In the following problems, put the answer in the blank at tha 
left. Be sure that your answer is labeled correctly. 
___________ l. A tank is  4 feet wide and 6 feat  long. What is 
the total weight of water in the tank �hen the 
water is 5 feet deep? 
2. W�at is the pres sure per square inch at the bottom 
of the tank in problem number one? 
_______ 3. A boy i:veighs 12 5 lbs. ��.That is his ·r;eight in kgs. 
_____ 4. A timb er is  6 in. by 6 in. by 8 ft. If the sp. 
gr. of Tnood is . 3, what is th13 ',v�ient of the 
timber?· 
______ 5. A givan gas is under .4,Q lbs/sq.in. pressu.re  and 
occupias  120 cu. in. 'When the gas is compressed 
t -,  90. cu. in. , what i s  its new pressure?'· 
6. An elephant �'eighs 3200 lbs. By means of its ------
t �,mk it  lifts an actress weighing 120 lbs. a 
distanc 0 "'� i\ ft . · off th� ground. 1!fflf much 'WOT'.k 
aid the elephant do? 
----�----7 · A boy weighing 75 lbs. balances another boy weighing 
100 lbs. on a se e-saw. If the smaller boy is  4 ft. 
from t�� fulcrum, how far away i s  the larg �r from 
t:'le fulcrum? 
-----8. An ob ject falls for 3 seconds. How far does the 
ob ject fall? 
9. How fast  i s  the ob j ect falling at the end of 3 -----
seconcs in probl�m 8? 
-----10. Chang� 30  degr9es 0. to F. 
11. 150  grams of copp 3r are cooled from 90 deg. C. to 
45  deg. C. Ths sp. heat or copper is . 09 5. How 
:nany calories are given up? 
12. The echo ·or a shot was heard 5 seconds after it ---------
was fired. The air t9mperature was 20 deg. C. 
How far away was the r�flecting surface? 
13. The fundamental of a note is 120 vib/sec. What -------
is the frequency of the third overtone? 
14 . An ob ject is 4 feet tall when it  is 10 feet from -----
t:1e lens of a camera. If the imag e is  4 in. tall 
in the camera, how far is th� film from t�e lens? 
15. The ob j ect distance is 12 inches and tne 1:nage ---------
distance is 60 inches. What is the focal length 
of the lens? 
16. �at �ust be the candle power of a lamp that �ill ------ give an intensity of illumination of 2 foot candles 
at a distance of 10 feet? 
17. Three resistances are hooked in s9ries. Their -----
respective resistances are 4J 6 ,  and 10 ohms. 
\Wlhen the voltage is 3 5  volts, what current will 
flow? 
18 � Two resistances 4 and 6 ohms are hooked in parallel ----�---
to two dry cells in series. �What current will flo�? 
19. Calculate the calories developed in a percolator -----
using 4 . 5 amps at 110 volts for 20 minutes. 
20. The primary of a transformer .carries 110 vol ts -----
and 5 amps. The secondary 1·s delivering 10 volts 
and how many amps?· 
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TEST 1 .  
Directions : Put · a  'circle around the letter R in all rights. Put a circle around the letter L :. 
A 8 
@ L  R (Q  
I 2 4 
R L R. L R. ,L R L 
:.,. 
R. L R L . R L R L 
I I  12 14 15 
R L R L R L R 
17 18 20 
R. L R L R L . R L 
T•d 1 . �corl'! ( numhf!r riaht ) 
TEST 2. 
tions-: In each row find a drawing that is either the same drawing or different views ·of the first 
._drawing. Put . an X on the line under this drawing and put the number of the drawi·ng you 
mark oh the line to the right. 
·- 2- 3_ .. _ _  . , 
. 10 
3 4 
© tc& � (o  � � \ 0 \ 8 �  
· - i _  �- � - - 2 _�·��
2 ��,��4 � 
I I  
-� X � � �� 0:J EB  
·- Z- l-. .. _ _  J 1 2 J 4 
12 e] §] eJ eJ 
. • • • • � LJLJDLJ 
·- 1- 3_ ·- - · -�'�·��2 ��3=�4 � . . . 
•• ••• 
·- 1-
,._.... ,, · - -- I • 
• 
• 
•• 
" 
12. 
. I 
l 
2. 
3 
5 
6 
TEST 3. . 
Directions: The · first three objects in each row are alike in some way. Find another ob· ··: 
same row that belongs with th,m. Put an X on the line under it and--put the number o 
you mark on the line to the right. 
· 
'x� 
, _ 2 _ 3_ 4  _ _  . 
,_ 2. _ 3_ +-· _ _  t 
, _ 2 _ 3_ 4  _ _  3 
, _ 2 _ 3 _ 4 _ _  ... 
1- 2_ 3_·_ •- -S 
10 I t 
I 
.� ��i 8 � �( ·.· 
I 
·-
: • - Z. - '5 - � 
' I I  I 
� ,---·-. 
� l� � @ . 
:�· � �-· -:- ---.: - . 0 . -- · - - �=- . 
• - I  • 
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12.; \ 
I .. ;;:,• 
I ..... :"/\ 't� 
: ,_. 2._ 3_ 4..:_:_ 
�,  A i� I d :-;_.a 
. _: . 1_ 2. _ ,_�� 
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,_ 2_ 3_ ... _ _  • 
15 
t�O CQ� � w, � e) �. r:tJ 
I • . . ·, 
, _ 2 _ 3 _  ... _ _  7 : ,_ l..- 3_____.:.,,.,_ .... _ .  ...... ,.._ 
TE5T··4. J . �.,. .· ""' · 
Directto111: Re�d each group of statements and diaw a line under the correct logical answer. 
Write the number of this answer on the line to the right. · 
0. All four-footed creatutcs arc animals. 8. If he is to complete his high school course, 
All horses are four-footed. Therefore he must avoi� wasting his energy and his 
1 Creatures other than horses can walk money. 
2 All horses can walk But he will not avoid wasting his energy, or he 
3 All horses are animals 3 o will not avoid wasting his money. Therefore 
1. Elm Street is parallel to Oak Street. 
Oak Street is parallel to Palm Avenue. 
. · Therefore 
1 He will not complete his high school course 
2 He will be sorry some day 
3 He should be criticized for not doing better - 8 
9. If the students are in error, your refusal to 
listen to their side is unreasonable. · 1 Elm Street crosses Palm Avenue 
2 Palm Avenue is longer than Elm Street 
3 j:lm Street is parallel to Palm Avenue 
If they are not in error, your refusal is unjust. 
-- 1 But, the students are in error or they are not. 
2. George Washington was a skillful general. 
George Washington was President of the 
United States. Therefore 
1 Skillful generals make good presidents 
t A President of the United States was a skillful 
general 
• Good presidents make skillful generals -- 2 
3 .  If he steers toward the land he will be 
wrecked; and if he steers toward the open sea 
he will be wrecked; but, he must steer either 
toward the land or toward the open sea. 
Therefore 
1 He should head for the open sea 
2 The coast is dangerous for ships 
3 He will be wrecked __ 3 
4. If the wind changes it will either grow 
warmer or it will storm. 
. The wind does . not change. Therefore 
1 It will probably grow warmer 
2 The conclusion is uncertain 
·I It will not grow warmer nor will it storm -- 4 
S. X is younger than Y. 
· Y is younger than Z. Therefore 
' 1 Y is younger than X 
1 X is younger than Z 
1 Y has lived longer than Z 
6. Aif circles are round figures. 
The figure is not round. Therefore 
1 It is oval 
1 It is either a square or a triangle 
1 It is not a circle 
7. A is situated to the east of B. 
-- 5 
-- 6 
B is situated to the east of C. Therefore 
1 C is situated close to A 1 A is situated to the east of C 
1 C is nearer to A than to B -- 1 
Therefore 
1 Your refusal is justifiable 
2 Your refusal is either unreasonable or . 
it is unjust 
3 Your refusal may be reconsidered later _ 9  
10. Three boys are up on a ladder, 
Tom is farther up the ladder than Paul. 
Jim is farther up than Tom. 
Which boy is in the middle position on the 
ladder? 
1 Tom 2 Paul 3 Jim 
1 1 . A is either B or C or D. 
A is not B. Therefore 
1 A is C 2 A is ejt\ler C or D 
3 The conclusion i. uncertain 
_1 0 
_1 1 
12.  If he were loyal h.e would not speak un­
kindly of his family in earnest. 
If he were . wise he would not speak unkindly 
of them in jest. 
Either he speaks unkindly in earnest or in jest . 
Therefore 
1 He is either not loyal or not wise 
2 He is unkind 3 The conclusion is uncertain --- 1 :! 
1 3 .  If A is B, E is F; if C is D, G is H. 
Either A is B or C is D. Therefore 
1 A is F or C is H 
2 Either E is F or G is H 
8 The conclusion is uncertain 
14. A is between B and C. 
B is between C and D. Therefore 
1 A is not between C and D 
2 A is between B and D 
3 A is nearer to B than to D 
---1 3 
___ u 
15.  Five cities (P, 2, R, S, and T) are in the 
same state. S is between P and Q. T is between 
P and S. R is the saine distance from P and T 
and S is the same distance from P and Q, 
Therefore ·* 
. 1 Q is nearer to T than to· S 
2 R is nearer to Q than to P 
3 T is nearer to P than to Q ___ 1 5  
I 
I ·  
· 1 . I .• ; 
I , 
I 
I 
I 
TEST S. 
Directions : In each row · of numbers below. there is one that is wrong.· Find this wrong 
her among the answer numbers on the right, and write its letter on the line to the ri · 
In  Sample A, the wrong number is 9, . so letter c is written on the line to the right. 
Sample : 
A. 2 4 . 6 8 9 10 
( 1 ) .  18  1 5  13 12 9 6 3 
( 2 ) . 
( 3 ) .  
l �, I .. 
4 
0 
5 
1 2 4 8 16 
7 10 11 13 14 16 17 19 
(4) . 56 49 43 38 35  34  3 1  29 
( 5 ) . 7 9 10 13 16 19 
(6) . 27  25  22 17  12 7 
( 7) .  · 3 5 6 1 1  12 14 15  19 20 2 1  
(8) . 3 7  3 4  3 1  2 9  27 24 2 2  2 1  19 
( 9) . 1 2 4 7 1 1  15  16 22 
( 10) .  18 2 1  19 22 20 22 23 2 1  24 
; \ 
Answers 
A .  n l O h 6  <' 9 <1 2 c 8 
:l 13  b 1 2  C 6 <1 3 e 9 
a 1 b �f c O <1 8 e 1 6  
a 16  h 5 c 19 <1 1 7  e 14 
a 31  h 38 c 35 d 29 e 43 
a 10 b 9 C 13  d 7 C 19 
.a 27 b 22 c 25 rl 12  e 1 7  
:l 19 b 2 1  C 15 d 1 4  e 2 0  
a 3 1  b 2 7  e 21 rl 3 7  � 2 2  
a 22 b 7 C 15 d 1 C 16 
a 18 b 23 < :  21 d 20 e 22 
C A 
•• ,.'f' 
. "\ .! . .., .. 
__ .__ 1 
___ 2 
___ 9 
___ 10. 
Go right on with the following until told to stop. In each row of numbers below, the 
numbers· increase or decrease in accordance with a definite series of whole numbers. Decide 
what numbers are missing, find them among the answers at the right, and write the lettu, · 
of your choice for the correct answer on the line to the right. In Sample B, the m issing num.!. 
hers are 4, 12 ,  so letter c is written on the line to the right. 
Sample : Answers 
B. 2 7 9 14 17 a 3, 1 1  b 4 ,  1 1  C 4 ,  12  d 5, 1 1  e 3 ,  1 2  C I 
( 1 1 ) . 1 5  16  18  - · - - 2 1  24 25 a 20, 23,  27 b 19, 22,  27 C 19, 23,  29 
d 20, 22, 26 e 19, 23, 27 
( 12 ) . 17  1 9  23 26 28 29 a 21,  22,  24 b 20, 21 ,  25 <' 20, 21,  24 
- d 20, 22, 25 e 21 , 22, 25 
( 13 ) . 27  29  28  27 24 23 n 22, 24, _ 26 . b 21 , 25, 27 C 22, 25, 26 
d 25, 26, 25 e 26, 25, 26 13 
.j . .. 
( 14) . 60 55 5 1  49 40 37  a 57 45, 43 b 59, 45, 42 C 58, 46, 42 
d 58, 45, 42 e 56, 46, 41 14 
( 1 5 ) .  48 44 41 36 34 28 a �. 38, 31  b 45, 39, 30 <' 46, 39, 31 
d 47, 38, 42 e 47, 39, 30 IS 
• -�
-";�·
"" t ,  
.. 
Test 5, Score ( number right> .  ........ :·················· : -\ 
TEST 6. 
Directions : Work these problems on a blank sheet of paper. Write the lettcr-.of the answer 
on the line to the right. The correct answer for the first problem (A) is b. 
A. If a man earned $25 .00 and spent 10. Ben lives 1 .5 miles east of the li-
$10.00, how much money did he brary. James lives 2 .5 miles di-
have left ? reedy west of the library. On a 
Ans. : a $5 b $ 1 5  c $20 d $10 b A scale of % inch = 1 quarter mile, 
1 . How many picture post cards how many inches will represent 
can you buy for 15 cents at the the distance between the boys' 
rate of 3 for 5 cents? houses? 
Ans. : n 9 b 3 c 15 d 34 1 Ans. : a 8 in. b 16 in. c 6 in. d 2 in.-- 1 0  
2 .  How many feet of railroad track 
can be laid with 750 ties if 25 ties 
are needed for each 50 feet ? 
Ans. : a 1250 b 1500 c 325 d 30 - :.! 
3 . . What number if multiplied by 3 ,  
i s  2 times 9 ?  
Ans. : a 3 b 9 c 18 d 6 
4. A sample rug is 12 inches long and 
9 inches wide. How long will a 
larger rug of the same proportions 
be if it is 36 inches wide? 
3 
Ans. : a 108 in. b 48 in. c 15 in. d 36 in.-- 4 
5 .  What i s  the number which if di­
vided by 4, is Yo of 72 ? 
Ans. : a 12 b 18 c 48 d 3 
6. A high school student borrowed 
$75 .00 for one year at 6% to start 
a chicken ranch. How many little 
chickens must he sell at 10 cents 
each to pay back the money he 
1 1 . What is the number which if add­
ed to 5 is 3 less than % of % of 
60? 
Ans. : a ¥2 b 9 c 4 d 12 __ 1 1  
12 .  A gallon of water weighs 8.4 
pounds. A gallon of gasoline 
weighs 68 per cent as much as a 
gallon of water. A pilot flying t�e 
air mail carried 50 gallons. How 
many pounds did this gasoline 
weigh? · 
Ans. : a 285 b 285.6 c 278.6 d 380 --1 !! 
1 3 .  A coffee shop buys a blend of cof­
fee com posed of % of Grade A 
at 60 cents a pound and % of 
Grade B at 30 cents a pound. If 
they change the mixture, using 
% of Grade A and % of Grade 
B, how much will they save on 
every 101>ounds of coffee? 
borrowed with interest ? 14. 
Ans. : a 45 b 450 c 750 d 795 -- G · 
Ans. : a 3 ¢ b 10¢ c 30¢ d $1 .00 __ 1 3 
A man's will provides that his es-
7. A dealer allowed an old customer 
a discount of 10% on the marked 
price of book cases. What is the 
marked price of a book case for 
which this customer paid him 
$36.00? 
Ans. : a$40 b$32.40 c$3 .60 d$39.60 - i 
8. A circular flower bed 7 feet in 
diameter ts to be bordered by 
plants set one foot apart. What 
will be the cost of the plants at the 
rate of 2 for 15 cents? (Circum-
. ·_ Jerence· of a circle is about 3 YT 
times the d iameter. ) 
Ans. : a 52¢ b $1 .65 c 70¢ d $1 .57112 - 8 
9. A man placed four stepping stones 
one foot square in a row in a sec­
tion of his garden so that there 
were equal spaces on all four sides 
of �ch of the stones. If the sec­
tion was 3 feet wide, how long 
was it? 
Ans. : a 12 ft. b 3 ft. c 9 ft. d 8 ft.-- 9 
tate of $15 ,000.00 should be divid-
ed as follows : % to his wife and 
% each to three children, except 
that iQ. the event any of the chil­
dren were deceased, their share 
should be divided equally between 
the remaining children and the 
wife. Two children were killed in 
an automobile accident. How 
much did the remaining child re­
ceive from the estate? 
Ans. : alfs b$6000.00 c$4500 d$5()()�1 4  
1 5 .  I f  a set of tires for one automobile 
costs one-half of what a set costs 
for anothe automobile; and if 
three sets of the cheaper tires last 
only as Ion; as two sets of the 
more expensrve kind, the total cost 
of the cheaper tires during a given 
period will average what fraction 
or per cent of the cost of the 111ore 
expensive kind.? 
Ans : a 1/a or 33 % %  b % or 50% 
c % or 75% d 1 %% __ u 
":.l,. 
� " 'Ii . ... ..  .,; '\1 .TEST, 7. 
, ,; : . .• , . t ' 15r\ 
· Directions: Draw a line under the word which means the same or about the. same 11· 
word. Write the number of this word on the line to the rigfit, as : J _ •• :r. 
0. blossom 1 tree 2 vine 
3 flower 4 garden 3 ° 
1 .  inefficient 1 avoidable 2 quarrelsome 
s incompetent 4 unruly 
2. confiscate 1 assert 2 seize 
1 
26. ameliorate 1 improve 2 harden 
s dilute 4 decorate 
27. malapert 1 sick 2 lazy 
3 slow 4 saucy 
3 com pile 4 comfort 
28. opulence 1 jewel 2 generosity 
2 
3 wealth 4 honor 
3 .  malign 1 insure 2 muffle 
3 slander 4 invade 
4. whimsical 1 accurate 2 fashionable 
3 weighty 4 fanciful 
5 .  avarice 1 virtue 2 prominence 
8 greed 4 honor 
6. eradicate 1 destroy 2 vacate 
3 use 4_ solve 
3 
4 
:; 
6 
7. impeachment 1 precedent 2 settlement 
3 resignation 4 accusation 7 
8. discordant 1 clashing 2 despondent 
s unsteady 4 distinctive 
9. titanic 1 reddish 2 acid 
10. edict 
3 large 4 ancient 
1 decree 2 diction 
8 
9 
3 sovereign 4 edition ·-- 1 0 
1 1 . recumbent 1 cumbersome 2 curved 
3 reclining 4 saving 
12 .  caprice 1 action 2 whim 
a capture 4 tact 
1 expel 2 dictate 
1 1  
1 2  
1 3 .  expedite 
s delay 4 hasten --1 8 
14. loq�acious 1 talkative 2 logical 
3 legal 4 delicious 1 4  
15 .  idiosyncracy 1 irritability 2 - pe�uliarity 
s office . 4 imbecil_ity . __ us 
16. perfidious 1 treacherous 2.fragrant 
s studious 4 responsible -- -_-1 6  
1 7. artifice 1 artless 2 hate 
3 definition 4 device · --1 7 
18 .  anomaly 1 ceremony 2 illness 
s irregularity 4 normal --1 8  
19. reciprocal 1 charming 2 mutual 
s agreeable 4 meditative --1 9 
20� travesty 1 burlesque 2 tragedy 
3 meeting 4 hotel --2 o 
2 1 . obtuse 1 pointed 2 reversible 
3 blunt 4 objectionable --2 1  
22. abstemious 1 stormy 2 excessive 
3 mournful 4 temperate --2 2  
23 .  tangent 1 blend 2 agent 
s touching 4 sensing --2 3 
24. extraneous 1 extra 2 forHgn 
s transparent • noisy __ 2 4 
25. erudite . 1 crude 2 learned , 
3 rugged • polite __ 2 5 
29. urbanity 1 loyalty 2 refinement 
3 weakness 4 barbarism �:?• 
30. propinquity 1 nearness 2 curiosity 
a diligence 4 propriety _:10 
3 1 . trajectory 1 court 2 project 
3 area 4 curve 
32. corollary 1 crown 2 inference 
s enclosure 4 supersede 
3 3. ostensible 1 actual · 2 available 
3 genuine 4 pretended 
34. salient 1 salty 2 outstanding< ;··� 
3 merciful • agreeable 
35 .  probity 1 uprightness 2 interference ·._. 
3 suspicion 4 weight �!"' 
36. acephalous 1 false 2 warlike 
3 headless 4 sensible 
37. porphyry 1 papyrus 2 rock 
3 cave • manuscript 
38. , strident 1 muscular 2 shrill 
8 battered 4 strong __ 38 
39. effete 1 exhausted 2 festive 
40. tyro 
3 fragile 4 plentiful 
1 scold 2 village 
a law 4 beginner .. ·.-.1� 
41 . perimeter 1 measure 2 instrumenf \. 
s boundary 4 difficulty -·-·. ·u 
42 . diurnal 1 seasonable 2 occasional 
s timely 4 daily __ u 
43 . obloquy 1 disaster 2 blame 
44. eyot 
s pride 4 obligation 
1 island 2 lake 
s river 4 insect 
45. detritus 1 fossil 2 dextrous 
s fragment 4 poem . 
46. palladium 1 burden 2 saf eguafd\ :r., 
3 title 4 residence -� .. .,, 
47. quiddity 1 oddity 2 doubt 
s essence 4 presenc� 
48. ambient 1 uncertain 2 surroundi 
s surprising 4 well-wishing _·�:� 
. · ·\ .. 49. orrery 1 book 2 prophecy �-�·:· · 
3 apparatus 4 error ... � 
50. syzygy 1 separation 2 choice .· 
s conjunction 4 non�nst �)-
Test 7. Score ( 11umber rit•t) _. 
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0. A meter measures 
A. density 
B. area 
C. distance 
EXAMPLES 
D. weight 
E. volume 
: ' 
; fSince the correct answer is distance. C would be marked on the answer sheet.] 
00. The number of feet in a yard is 
A. 2 ·  D. 8 
B .  4 E. none of these answers 
C. 6 
[Since the correct answer, 3, is not given, B would be marked on the answer sheet.] 
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Basic Information 
1 .  What percentage of oxygen does air normally contain at sea:level? 
A. About 95% B. About 800/o C. About 500/o D.  About 20% 
2.  Which of the following substances is .composed primarily of sodium carbon�te? 
A. Washing soda B.  Brine C. Fool's gold D. Chalk 
3. What percentage of an 18-carat gold ring is pure gold? 
A. 75% · B . 67% 1 C. 50% D. 33% 
E. Quartz 
4. �ch of the following substances is commonly used in many households to soften hard water? 
A. Table salt · ·B .  Washing soda -C. ·Alum · ·n. Plaster of Pans · ·· E. ·Flour ' .�\ : 
, 5. What is the reading of the kilowatt-hour meter illustrated? 
A. 4,818 
B. 4,828 
c. 3,818 
D. 3,828 
6. Which of the following is a symbol for resistanc�? 
� 
___ s. _I li----
Y • 1 • 11--
D ] I I [ .,;. .@ 
- EY-� � 
. . 7. Fo� what is an electric ·transformer commonly used? · · · , · ,  
A. To increase the wattage of direct current 
B.  To increase the wattage of alternating current . . . 
. -' 
C. To �crease or· decrease the voltage of alternating Oirrent ��-- - , , · 
, D. To change alternating cilrrent to direcf·current ·- - - . .- •, 
E. To change direct current to alternating current 
. .  · .· .. , . . . 
.. �· ' 
-
. J , 
• • ,f • •  
A. Blue 
B. Violet 
C. Red 
9 . . At what point on the temperature scale is water the most dense? 
. A. At A B. At B C. At C D. At D E. At E 
10. What is the approximate speed of light waves? 
A. 93,000,000 miles per second D� 1 , 100 feet per second 
B.  186,000 miles per second E. None of these 
C. 1 ,100 miles per second 
1 1 .  Which of the following statements is true? 
A.- An atom of sulfur has the same weight as an atom of sodium. 
B. All elements are able to combine chemically with oxygen. 
C. A compound is formed whenever two or more elements mix. 
: ' 
D. A molecule of water has all the properties of hydrogen and oxygen. 
E. An atom of oxygen is not the same as a molecule of oxygen. 
12. What is meant by a British Thermal Unit? 
l'I 
B 
C 
1) 
E 
A. The heat necessary to raise the temperature of one pound of water one degree Fahrenheit 
' . . 
B. The heat necessary to raise the temperature of one pound Qf �y substance one degree Fahrenheit 
C. The heat necessary to change one pound of ice to liquid water 
D. The heat nece5$&1'Y to change one pound of any subsuµice to :a �d 
.,, � (. ' 
- ...... S". -�- '.· ... ' 
. ,-r , 
. . �: _The· heat necessary to evaporate one pound of any -substan� - . . .. ,, -; . - 1 ,  ,  
13. A rise of one degree on the Fahrenheit scale is equal to how much of a rise on the centigrade scale? . 
- I • • 
A. t of a degree D. 1J .. or: lj of· &·'degree . . · .. 
B. ·t of a degtee E. 2f ·or· \'-'of a. ;<fe�'· "-"� . . .  : : . 
C. i of a degree . . 1 ·-
· 
.. \, ... 
'.:� :· '}' ,¢'_1(�'--.:t�li::. ,1. :; - ·  }1-··(: •· '1- ··J · . . �:J\!;"
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· 14. " Which oi the following' measures moat .accur&tely describb a -centimeter>- ,-l:· ·  :· .: i ?{: · � • '  . : .  · '> · . . . ? ·: • � 
A. Slightly less than t inch 
B. Slightly more than t inch 
C. Slightly less than 1 foot 
D. Slightly more than 1 7  inches 
E. Slightly more than 1 yard 
' 1t I • •  _,, , ,; 
15 .  Which of the following measures is equivalent to 1 ,000 milliliters? 
A. One centiliter B. One deciliter C. One hectoliter D.  One kiloliter E. One liter 
16. According to the equation given, how many atoms of calcium are contained in oi;ie molecule of calcium hyd ·· 
ide? 
A. 1 B. 2 C. 3 D. 5 E. 6 
1 7 .  Which of the following best decribes an electron? 
A. It is a neutrally charged particle with a mass similar to that of the hydrogen atom. 
B .  It is a negatively charged particle with a mass much less than that of the hydrogen atom. 
C.  It is a negatively charged particle with a mass· similar to that of the hydrogen atom. 
D. It is a positively charged particle with a mass similar to that of the hydrogen atom. 
E. It is a positively charged particle with a mass much le.ss than that of the hydrogen atom . . ' 
18. Which of the substances-water, air, and carbon-are compounds? 
A.  All three D. Only water 
B.  Only air and carbon · E. Only carbon 
C. Only water and carbon 
19. How many chemical compounds are there? 
A. About 57 D. about 512 
B.  About 92 E. More than 10,000 
C. About 254 
.r - I ' 20. Which of the following elements will not combine or react chemically -with another element? 
A. Hydrogen B. Sodium 
'- -
C. Radium 
21. What color does litmus paper turn in an· acid solution? 
A. White B. Blue C; Red 
D. Chlorine E. Neon 
D. Green E. Yellow 
. 
.. . - .. ' �· 
. ..  \ &  
... ; 
,I ,  
A. Sulfur B. Sulfite C. Sulfate D. Sulfide E. Sodium 
23.  A black tarnish forms on a silver fork when it is used with a hard-boiled egg. What element present in the egg 
causes this reaction? 
A. Iron B .  Sulfur C. Phosphorus D. Calcium E. Carbon 
24. How is most i ron produced commercially from its ore ?  
A. By  reducing i t  with coke i n  a furnace 
B .  By roasting it in air 
C. By an electrolytic process 
D. By distillation at a very high temperature 
E. By a replacement reaction in which any very active metal such as sodium is employed 
25 .  Which of the following best describes hydration? 
A. The absorption of water 
B .  The decomposition of water into its elements 
C. A chemical combination of a substance with water 
D .  A chemical combination of a substance with hydrogen 
E. A chemical reaction in which hydrogen is liberated 
26. What metal i� commonly alloyed with gold to give it the hardness needed in making jewelry? 
A .  Aluminum B .  Copper <;. Magnesium D. Chromium 
2 7 .  What element does protein always contain that carbohydrate and fat do not? 
A. Hydrogen B .  Carbon C. Nitrogen D. Phosphorus 
28 .  What acid when added to a protein causes it to tum yellow? 
A. Sulfuric acid D. Phosphoric acid 
B .  Nitric acid E. Carbonic acid 
C.  �Hydrochloric acid 
29. Which of the following elements helps in the formation of hemoglobin in the blood? 
A. Calcium B. Copper C. Iron D. Iodine 
s 
E. Mercury 
E. Sulfur 
E. Phosphorus 
.. 
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30. How doe� the numbe_r of Calories required by a growing boy generally .comparewitlrthose required by 
ii both are doing the same kind of work? -'" , 
· 
A .  They both require about the same. 
B .  The growing boy will require more. 
C .  The growing boy will require less. 
D .  It is impossible to generalize . 
3 1 . Which of the following will prevent scurvy? 
A. Vitamin A D. Vitamin D 
B .  Thiamin (Bi) E. Riboflavin (B2 or G) 
C. Vitamin C 
32 Which of the following is produced by the chemical treatment of cellulose? · 
A .  Rayon B .  Silk C. Cotton D. Linen 
33. What name is given to an expert on weather and weather-forecasting? 
' •  . : 
A.  Geologist B .  Astrologist C. Meteorologist D .  Archeologist E. Metallurgist 
34. Which of the following heavenly bodies comes closest to the earth? 
A. Mercury B .  Venus C. The sun D .  Mars 
35 . Which of the following is a measure of volume? 
A. Liter B .  Kilogram • C. Centimeter D .  Milligram 
36. Which of the following will melt the greatest amount of ice? 
A. Two pounds of iron at 400° F.  D. Two pounds of water at 2 1 1° F.  
B .  Two pounds o f  copper at 400° F.  E .  One pound of steam at  213° F.  
C .  Two pounds o f  lead at 400° F. 
E. Jupiter 
E. Hectare 
37 .  What is the principal advantage of the " electron microscope" over the ordinary " compound microscope"? 
A.  The electron microscope is easier to adjust. 
B. The electron microscope has greater magnifying power. 
C .  The electron microscope is easier to use on moving objects. 
D .  The electron microscope obtain's a photograph c,f each observation. · . ... r'.t. 
I , . 
E. The electron microscope is more rugged in construction and design and will withstand considerable abu�. 
38. What very serious disease is contracted by eating uncooked meat, such as pork, which contains a wo 
parasite? 
A. Anthrax B .  Bubonic plague C. Teta�ius D. Trichinosis 
6 
A. 186,000 miles per second 
B. 186,000 feet per second 
C. 1 , 100 miles per second 
40. Which of the following best describes the air when its relative humidity is 50%? 
A. One cubic centimeter of air contains one-half cubic centimeter of moisture. 
B .  One cubic centimeter of air contains one gram of water. 
C. One gram of air contains one-half gram of water. 
D. The air contains as much water vapor as it can hold (at that particular temperature) without condensa­
tion's taking place. 
E. The air contains half as much water vapor as · it can hold (at that particular temperature) without con­
densation's taking place. 
41 . In which of the following instances is heating accomplished primarily �y convection? 
A. Heating a dry pan on a hot stove 
, B .  Heating the room with a hot-water radiator 
C. Heating the coils of a toaster with electric current 
D. Heating the earth with the sun's energy 
E. Heating a rock by rubbing it vigorously with another rock 
42. In most parts of the earth a magnetic compass does not point toward the true geographic North. What name 
is given to the angle between the direction which the compass points and the true geographic North? 
A. Inclination B. Declination C. Dip D. Distortion E. Hysteresis 
43. Which of the following foods contains the highest percentage o! protein? 
A. White bread B. Lean beef C. Spinach D. Doughnuts E. Oranges 
44. What is the line on a weather map which connects points having the same temperature? 
A. Isocline B. Isotherm C. Isobar D. Isosceles E. Isotope 
45 . _ :Which of the following is an example of oxidation? 
A. The conversion of ore to metal 
B. The burning of wood 
C. The dissolving of oxygen in water 
D. The condensation of liquid oxygen .from �e· gts 
E. The conversion of liquid oxygen to gaseous oxygen 
7 
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46. What is "pasteurization"? 
A. A treatment under high pressure 
B .  A treatment in a vacuum or under low pressure 
C. A treatment under elevated temperatures 
D .  A treatment under refrigerating conditions 
E.  Any treatment designed to purify food 
. -
47 .  By which of the following processes does an electric refrigerator actually produce the cooling effect? 
A .  By condensing a gas D .  By compressing a liquid 
B .  By evaporating a liquid E. By rapidly circulating a gas through a liquid 
C. By compressing a gas 
48. What happens as the ice in a lake melts? 
A. The ice always gives off heat . 
B .  The ice always absorbs heat . 
C. The ice neither absorbs nor gives off heat d_uriµg this change. 
J?. The ice usually (but not always) gives off heat during this change. 
E .  The ice u sually (but not always) absorbs heat during this change. 
49. For what i s  an electric generator used? 
A. To convert electrical energy into mechanical energy 
B .  To convert mechanical energy into electrical energy 
C. To convert chemical energy into electrical energy 
D .  To convert electrical energy into chemical and mechanical energy 
E. To convert mechanical energy into light and chemical energy 
5_0. Which of the following waves is least like the waves sent out by a broadcasting station? 
' , 
A. X-rays B .  Sound waves C .  Light waves D.  Ultra-violet rays E. Infra-red r�ys . 1 
5 1 .  What is the principal reason that an object will weigh less on a high mountain than it does at sea level? 
A. Because the atmospheric pressure is different 
B .  Because the distance from the earth's center is different 
C. Because the mass of the object is different 
D .  Because the humidity is different 
E .  Because the centrifugal force is different 
52 .  What is the source of practically all of our energy? 
A. Coal B .  Microorganisms C. Petroleum D. Heat inside the earth 
53. In an ordinary snapshot or photograph_, of what is the black substance composed? 
A. Graphite B. Copper oxide C. Silver D. Charcoal 
s · . 
E. The sun 
E. lndia ink 
' ' :  ,f' 
}r .,,,� 
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Application oJ Principles 
54. In which of the following solutions would a block of wood float with more of its surface exposed than it would 
in any of the others? 
A. Salt water near its boiling point 
B .  Salt water near its freezing point 
C. Pure water near its boiling point • 
D.  Pure water near its freezing point 
55 .  Light bulb A casts as much illumination on a wall one foot away as light bulb B does when it is two feet 
away. How much brighter is bulb B than bulb A? 
A. 1! times as bright as A 
B .  · 2 times as bright as A 
C. 3 times as bright as A 
D. 4 times as bright as A 
E. 8 times as bright as A 
. � 
56. A man sees a coin which has been dropped in a can of water. As he looks over the edge of the can, where does 
the coin appear to be? 
A. Position A D. Position D 
B .  Position B E.  Position E 
C.  Position C 
-� 
I 
57 .  What process takes place when a film or photograph 1s "developed"? 
A. The image is brought out or made visible. 
B .  The image is made softer so that there is less contrast. 
C . The color of the image is changed from brown to black. 
D. The color of the image is changed from black to some other color. 
E. The sensitive material which has not been converted to silver is dissolved.' 
58. If the image from a neon sign in the-form of the letter F is focused on a screen, in what position will the image 
appear if the sign is a great distance from the convex lens? 
A.· F 
B .  1 
C.  l:_ 
D. _:J 
E. None of these NEON SIGN 
LENS 
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59. How will the speed of a chemical reaction be'affectecUf the"temperature is raised from tc>° �. to 20° C.? , 
A. It will react more slowly. 
B .  it will react at about the same rate: 
C. It will react about twice as fast. 
D. It will react about ten times as fast. 
E .  It will react about one hundred times as fast . 
• 
60. How will the boiling point of a gallon of water be affected by dissolving a small amount of sugar in it? 
A. It will be slightly raised . 
B .  It will remain unchanged. 
C. It will be slightly lowered. 
• .. ,-> 
.. .. �:..·� 
61 . How much force must be applied downward at A in order to keep the 300-pound weight from falling? _(Disre-
gard the weight of the pulleys ·and the rope.) , .. . 
A: · 100 pounds D.  50 pounds -==---====---=-�--=--===-= 
B .  7 5 pounds E.  None of these i 
0 '  
C. 60 pounds 
• 
62 . What is the efficiency of an electric motor which performs work equivalent to 2 horsepower and consu�es 
electricity at the rate of 3 horsepower? 
A .  33!% 
B .  44% 
C. 50% 
D .  6{>J% 
E.  Impossible to tel1 from the information available 
63. Under •which of the following conditions will a can of hot beans cool most slowly? 
A. When surrounded by water (at room temperature) 
B. When surrounded by a · liquid having a low density (at room temperature) 
C. When su�ounded by s�ill air (at rooin temperature) 
D. When surrounded by a vacuum 
E .  When surrounded by glas_s wool and air (at room temperature) 
10 
A. When a copper ro� is wrapped in the paper 
B.  When a silver rod is wrapped in the paper 
C. When a large stone is wrapped i� the paper 
D.  When a block of wood is wrapped in the paper 
E. When the paper is made into a sack and filled with water 
65 . Cup A contains 100 grams of water at 90° C. and cup B contains SO grams of water at 90° C. As both cups of 
water cool to 20° C . ,  how does the amount of heat lost by the water in each compare? 
A. Both lose the same amount. 
B .  The water in A loses twice as much. 
C .  The water in B loses twice as much. 
JJ. The water in A loses four times as much. 
E. The water in B loses four times as much. 
66. A stoppered bottle, half full of water, contains air which was sealed in at -room temperature and at sea level . 
At sea level will the water in this bottle boil at the same temperature as water in a half-filled bottle which is 
not stoppered? 
A.  Yes, at the same temperature . 
B .  No, that in the stoppered bottle will boil at a higher temperature .  
C .  No, that in the stoppered bottle will boil at  a lower temperature . 
, 67. Automobile tires containing which of the following will provide the most comfortable ride? 
A .  Tires filled with water 
B .  Tires filled with alcohol 
C. Tires filled with a gas 
D .  Tires fille·d with water in which there is much dissolved gas 
E. When there is a vacuum in the tires 
68. \\ ould a skyrocket operate in space where there is no air? 
A. No, for there is no air against which the propelling .force can push. 
B.  No, for the propelling gases would undoubtedly expand in al l  directions. 
C .  Yes. it would operate as well or better than it would in air. 
D. Yes, but it would just barely move. 
E. It is impossible to tell from the information available. 
69. How does the sound produced by a long harp string compare with tµat produced by a short harp string if the 
tensions on both are the same and if they are plucked in the same manner? 
A. The sound from the longer one is much louder. 
B .  The sound from the shorter one is much louder. 
C. The sound from the longe� one is clearer. 
D. The sound from the longer one is higher pitched. 
E. The sound from t�e sho�ter one is higher pitched. 
1 1  
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70. How will lhe pitch of a factory whistle sound to a man who drives. his -car rapidly and at a consgmt: 
speed past the tower on which the whistle is located? 
A. The pitch will rise steadily. 
B. The pitch will fall and then rise. 
C. The pitch will rise and then fall. 
D. The pitch will remain practically constant as he approaches the tower and fall to a new level as he passes 
the tower. 
E .  The pitch will ·remain practically constant as he approaches the tower and rise to a new level as he passes . � 
the tower. 
7 1 .  An observer on the ground hears an airplane flying rapidly at high altitude. Judging by the sound, where will 
the plane appear to be? 
A. Ahead of its true location 
B .  At its true location 
C. To the rear of its true location 
D. Either at its true location or slightly to one side 
E. To one side of its true· location 
72 .  In which of the following situations will the least amount of force be required to move the weight? 
A. In situation A 
B .  In situation B 
C. In situation C 
D. In situation D 
E.  In situation E A .  
8. 
c. 
73. �eter X is probably what kind of a meter? 
A. An ohmmeter D. A wattmeter 
B .  An ammeter E. A coulometer 
C. A voltmeter 
FO�CE 
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( 1 )  A charged storage battery 
(2) A group of dry cells 
(3) A transformer connected to a household electric outlet 
A.· Any one of the three 
B .  Only number 2 or number 3 
C .  Only number 3 
D.  Only number 1 
E .  Only number 2 
75. In this circuit in which two light bulbs, one ordinary bell puslt button, and one dry cell are connected , what 
will_ happen? 
A. Both bulbs are lighted all the time, and the push button has no 
effect . 
B .  Both bulbs are lighted all the time, and bulb X goes out as the 
button is pushed. 
C .  Bulb X is lighted all the time, and bulb Y lights as the button is 
pushed. 
D. Bulb Y is lighted all the time, and bulb X lights as the button is 
pushed . 
E .  Both bulbs light as the button is pushed . 
76. All the light bulbs in the accompanying circuits are S��watt bulbs. In which of the three- circuits will the least 
amount of electric power. be consumed when the plug is inserted in a household electrical outlet? 
A.  Circuit X will consume the least amount. 
B .  Circuit Y will consume the least amount. 
C.  Circuit Z will consume the least amount. 
D.  Circuits X and Y will consume the same amount 
while Z will consume more than either X or Y . 
. E. I t  is impossible to tell from the information available. 
13 
X 
y 
. z O ,,.-----......__ 
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A. Zero volts 
B .  1-! volts 
C. 3 volts 
D. 4-! volts 
E. None of these 
78. What happens when a glass rod is rubbed with a ·piece of silk? 
A. Electrons are passed from one to· the other. 
B .  Protons are passed from one to the other. 
C. Electrons and protons exchange places. 
D. Electrons and neutrons exchange places. 
E. Protons and neutrons exrhi:hge places. 
, • I . 
79. If there is a complete combustion of the substance GJI1s in air, how many new compounds will be formed�- : . 
A. One 
·B . Two 
C .  Three 
D .  Four or more 
E. Impossible to tell from the information available 
� , .. · � 
,
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80. What is one product of the reaction when potassium chlorate and manganese dioxide are heated togeth��f-:<:t: · 
A .  Hydrogen chloride B .  Oxygen C. Ozone D .  Chlorine E. Chlorine oxide 
81 . When chlorine has a valence of + 7 anl oxygen has a valence of - 2 , what will be the formula for this oxide of 
chlorine? 
A. 9Cl0 B. 7Cl02 C. 7Cl20 D. ChO.? 
82. The following equation describes the reaction between calcium and hydrobro.mic acid : 
---- Ca + 2HBr -+ CaBr2 + H2 · 
How many pounds of hydrobromic acid are required to react with 40 pounds of calcium? 
(Atomic weights : H = 1, Br = 80, .Ca = 40) 
A. 40! pounds D .  404 pounds 
B. 81 pounds· · E. None of these amounts 
C. 162 pounds 
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, A. Ammonia and water 
B.  A�onia, chlorine, and water 
C .  Ammonium chloride and water 
D.  Ammonium chloride and chlorine 
E. Ammonium chloride,  chlorine, and water 
84 . What is one of the properties of elements whose neutral atoms contain one electron in the outer orbit? 
A. These elements have a valence of one . 
B .  These elements have a valence of seven. 
C.  These elements are nonmetals. 
D. These elements will not combine chemically with any other element. 
E. These elements are gases at room temperature. 
85.  On which of the electrodes will sodium be formed from a molten solution of sodium chloride? 
A.  Sodium will be formed at the positive electrode only. 
B .  Sodium will be formed at the negative electrode only. 
C .  Some sodium will be formed at both electrodes but most of it will be formed at the negative electrode. 
D .  Some sodium will be formed at both electrodes but most of it will be formed at the positive electrode. 
E. Approximately equal amounts of sodium will be formed at both electrodes. 
86. The body temperature of a normal human adult is 98.6° F. To which of the following temperatures is this 
most nearly equal? 
A. 2ft C. B. 3()° C. C. 40° C. D .  60° C. E. 80° C. 
87 . Four identical rubber balloons, each filled with 5 cubic feet of hydrogen gas at 20° C.,  ar9 released ori a warm, 
sunny day. Baloon A is painted a dull black color ; balloon B is painted a shiny black color ; balloon C is painted 
a dull silver color ; and balloon D is painted a shiny silver color. Which will expand the least due to the heat 
from the sun?  
A .  Balloon A D. Balloon D 
B .  Balloon B E. None, for all will expand equally 
C .  Balloon C 
88. What is the polarity of an electric cell made by placing strips of zinc and carbon in a weak acid solution? 
-- ��-{Zinc is chemically very active and carbon is relatively inactive. )  
A. The zinc electrode is  negative and the carbon electrode is  positive. 
B. The carbon electrode is negative and the zinc electrode is positive. 
C. Both electrodes are positive. 
D. _The zinc electrode changes back and forth _from positive to negative while the carbon remains neutral. 
E. The carbon electrode changes back and forth from positive to negative while t�e zinc electrode remains 
neutral . 
' . . " '-'' ) '  
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89. What is the resistance of an electric toaster through which 5 amperes of current flow when it is- connected 
1 10-volt source? · 
A. 'V22 ohms or 4.69 ohms · D. 2, 750 ohms 
B. 22 ohms E.- None of these 
C. 550 ohms 
90. How does the work accomplished by a man who climbs a ladder leading to a platform 10 feet above the ground 
compare with the work he does in walking up a gradual incline 30 feet long which leads to this same platform? 
A.  He performs 9 times as much work in cl imbing the ladder. 
B .  He performs 3 times as much work in climbing the ladder. 
C. �He performs the same amount of work in each case . 
D .  He performs t as much work in climbing the ladder. 
E. He performs t as much work in climbing the ladder. 
91 . Which of the following is responsible for most contagious disea�s? 
A. A vitamin deficiency D. An allergy to certain proteins 
B .  A mineral deficiency E. One-celled plants and animals 
C .  Glandular troubles 
92 . In the diagram below, points A ,  B, C, D, and E represent five different observers on the surface of the earth. 
93. 
The line between A and E represents the earth's axis, with A at the North Pole. To which of the observers 
on the earth's surface does the sun appear directly overhead
0
at noon on March 2 1 ?  
A .  To a person at A D. To a person at D A 
B .  To a person at B E .  To a person at E 
C.  To a person at C 
E 
C 
As a candle weighing 23 grams bums, it reacts with 80 grams of oxygen in the air . How much will the various 
substances weigh whj.ch are formed by this burning? 
A. Less than 23 grams D. Exactly 103 grams 
B .  Between 23 and 80 grams E. More than 1 03 grams 
C. Between 80 and 103 grams 
94. With what color ink should the white-paper label of a bottle be printed if the letters are not to be visible under a 
green light? 
. A. Red D. Black 
B. Green E.  Some color other than the three named 
C. Either red or green 
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C. About 1 1  D. About St E. None of these 
96. What is the weight of the· block at X if the seesaw balances? 
A. About 5 lb . D .  about 40 lb . x zo  
�- 10 rr. ___. - m� B.  About 10  lb . E .  None of these 
C. About 20 lb . 
97 .  In a certain steam engine only about 10% of the energy from coal is actually converted into mechanical energy. 
Which of the following explains what happens to some of the remaining 90% of the coal's energy? 
( 1 )  Some of the energy is destroyed. 
(2) Heat is created by foiction in the bearings. 
(3) Heat from the boiler is transferred to the surrounding air .  
A. All three D. Only number 1 
B .  Only number 1 and number 2 E. Only number 3 
C. Only number 2 and n�mber 3 
98. What explanation is usually given for the fact that the distance from pole to pole is less than that directly 
through the earth at the equator? 
A. The rotation of the earth 
B .  The attraction of the sun 
C. The attraction of the two magnetic poles of the earth 
D. The combined forces of all the planets and stars 
E. The tides and ocean currents 
99. If current from a battery flows through the insulated wire wound around the iron bar XY, which of the follow­
ing statements best describes the condition of the bar? 
A. The bar will become a magnet with one end a nor�h pole and x v· 
the other end a south pole. 
�B: The bar will become a niagn�t with both ends north poles. 
C. The bar will become a magnet with both ends south poles. 
D. The bar will become a magnet with first one end and then the !3ATTEflf 
- · other becoming the north pole. 
E. · One end of the bar will become magnetized and the other end 
will remain unmagnetized. 
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D. 49 feet away 
K At some other distance 
. ... ·�1 
101 . In the thermostat illustrated , metal W expands 0.00002 of its length for a one-degree increase in temperature 
while metal X expands 0.00005 of its length for each one-degree increase in temperature. When the room in 
which the thermostat is placed gets warmer, in what direction will the bar 6n the thermostat move? 
A. Toward Y 
B .  Toward Z y 
C. Will remain midway between Y and Z 
D .  Toward X and then back toward Z 
E. Toward Z and then back toward Y z 
102. Which of the following principles best explains the operation of a fluorescent light? 
A. The light is produced as electric sparks jump from one end of the tube to the other. 
B .  The light  is produced by the vigorous boiling of mercury. 
C. The light is produced by the chemicals as electricity passes through them. 
D .  The light is produced by the chemicals as invisible ultra-violet rays fall on them. 
E. The light is produced as invisible rays strike against the glass walls of the tube. 
\ . 
. ,; 
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103 .  Ten seconds after a boy discharges his rifle, he  hears the echo of  its report coming from a distant hillsid�·. 
Approximately how far away is the hillside? 
A.  About ! mile D. About 2 miles 
B .  About 1 mile E. More than 2 miles 
C. About 1! miles 
104. In a reflecting telescope, is there any advantage in using a mirror 100 inches in diameter instead of � m��o�. 
50 inches in diameter? 
A .  No, a small mirror is best because it can be ground more accurately. 
B .  No, a small mirror is just as good as the large one ; f�rthermore, it is less heavy and less expensive.� 
C. No, for the smaller mirror has greater magnifying power. 
D. Yes, for the large mirror collects more light and makes the image brighter. 
E. Yes, for the larger mirror has greater m�gnifying power. 
18 
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A. 'Speech-to electrical impulses-to sound waves . . 
B .  Speech-to magnetic impulses-to electrical impulses-to magnetic impulses-to sound �aves 
C. Speech-to magnetic impulses-to sound waves 
D. Speech-to electrical impulses-to magnetic impulses-to sound waves 
E. Speech-to electrical impulses-to sound waves 
106. Which region in or near the Bunsen burner flame is the hottest? 
A. Region A D. Region D -----
B. Region B E. Region E 
C. Region C 
. , 
107 .  What must you know about any block of wood in order fo be able to predict whether it will float in water? 
(Assume that you'know the necessary characteristics of water.) 
A. The size of the block 
B. The density of the block 
C. Both the size and the density of the block 
D .  The weight of the block 
E. Both the weight and the density of the block 
108. What occurs when a current passes through an ordinary copper wire? 
A. Electrons pass from atom to atom. 
B. Protons pass from atom to atom. 
C. Positrons pass from atom to atom . 
D. Neutrons pass from atom to atom. 
E. Atoms move from one t:nd of the wire to the other . 
• 
109. Certain incendiary bombs are composed of a magnesium shell and co�tain thermite, a mixture of powdered 
aluminum and iron oxide, which is set off by a percussion cap. Why is it that the burning thermite , charge 
, · - cann�t be extinguished by smothering? 
,, 
A. The temperature is too high . 
B .  The material is too finely divided. 
C. The aluminum does not react with oxygen., 
D.  The reaction requires only a small amount of oxygen from the air. 
E. The aluminum reacts with the oxygen contained in the iron oxide. 
\, . .,:- . · ;. "' r.'•· .· �' _,.. �,, -� ... :� ·· J . .. . �
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Application oJ Scientific Method . 
Dfj\TH RATE FROM DIPHTHERIA FOR CHILDREN 
L�-OER TEN YEARS OF AGE,-NEW YORK CITY 
1880-1934 
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For each of the following items 1 10- 13 ,  mark answer space 
A. if the data support the statement 
B .  i f  the data contradict the statement 
C. if the data neither support nor contradict the statement  
1 10.  In 1930 more people in New York City died from diphtheria than in  1915 . 
/ 
1 1 1 .  After the diphtheria germ was discovered, the yearly death rate due to diphtheria among New York City 
children under ten years of age was always lower than during the previous years. 
1 1 2 . After the immunization of New York City school children began, there was a general decline in the death rate 
from diphtheria in this city among children under ten years of age. 
1 13 .  The epidemic in 1894 was more serious than the one in 1887. 
The graph shown indicates the effects of inha�ing carbon 
monoxide. In each of the items 1 14-20 mark answer 
space 
-· 
A. if the data support the statement 
B. if the data contradict the statement 
C. if the data neither support nor contradict 
the statement 
1 14 .  The maximum amount of carbon monoxide al-
lowed in military airplanes is less than 1 part in 
10,000 parts of air. 
1 15 .  The air in cars with defective air heaters contains 
a greater amount of carbon monoxide when the car 
is in motion than when it is stationary. 
20 
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1 16: One out of ten cars has ·a defective air heater. 
1 1 7. A person is likely to die when the carbon monoxide content of his blood becomes 50% saturated. 
1 18. When � person is breathing air containing carbon monoxide, the percentage of carbon monoxide in the blood 
increases more rapidly during the first hour than during the second .  -
1 19 .  A person who for 3 hours breathes air containing 2 parts of carbon monoxide in each 10,000 parts of air is 
likely to get a headache.  
120 .  More women die from carbon monoxide poisoning than men . 
Velocity 
Mi. per Ft. per Distance required tor stopping a car 
hour second 
29 + 
,�@7-0-.ZI I 
20 22 ft. 17 ft. Total distance needed for stop-
I ping equals the sum of reaction 44 
33 ft. 39+ ft. distance and braking distance. fi&ures assume leod brakes 
.,.,,,_z I and aood conditions. 58 +  '44 ft. 69 ft. 
50 73+ ,.,, ...... ,�;,-·  
55 ft. 108 ft. 
60 68 
w//,{o-;,,,:;;:�7,�:r0°;':{f/�1 
66 ft. 156 ft. 
Key � Distance car travels before driver senses dan&er and applies brakes. Reaction distance. 
c:::::J Distance car with four-wheel brakes needs in which to stop. Braking distance. 
In items 121-27 ,  mark answer space 
A. if the statement is true and these data support it 
_ B. if the statement is probably true, but these data do not support it 
C. if the statemerrt is-false, and its falsity is shown by these data 
D. if the statement is probably false, but its falsity is not shown by these data. 
' E. if you cannot determine whether the statement is true or false, and these data give you no clue 
1 2 1 .  A. motorist traveling at 20 miles per hour takes the 5c:me number of seconds to apply his brakes after seeing 
the danger as he does at 60 miles per hour. 
1 22 .  When he is traveling at 30 miles per hour, it takes about t of a second for· a motorist to apply his brakes 
after seeing the danger. 
1 23.  When the speed of the car is doubled, the brakes must be applied for about 2 times as great a distance . 
-1 24. More accidents which occur when a car is traveling at high speed are likely to be serious than those occurring 
. at lower speeds. 
125� · A total distance of no more than about 1 13 feet is required to stop a car traveling 40 miles per hour on ·wet 
pavement.  
126. The total distance needed for stopping is nearly 2 times as great for a �r traveling 60 miles an hour as it 
is for a car traveling 40 miles an hour. 
1 27.  Men are better able than women to apply the brakes and bring a car to a stop. _ 
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, (Figures Show Ce�ta per Pound) 
-
FOOD 
Yi:.u 
Pork Chop Bacon Butter 
1910 . . . . . . . . . . . . . . . .  19 . 2 25 . 5  35 . 9 
1915 . . . . . . . . . . . . . . . .  20 . 3 26 . 9  35 . 8  
1920 . . . . . . . . . . . . . . . .  42 . 3  52 . 3  70 . 1  
1925 . . . . . . . . . . . . . . . .  37 . 0  47 . 1  55 . 2  
1930 . . . . . . . . . . . . . . . .  36 . 2  42 . 5  46 . 4  
1935 . . . . . . . . . . . . . . . .  35 . 4  41 . 3  36 . 0  
1940 . . . . . . . . . . . . . . . . 27 . 9  27 . 3  36 . 0  
Potatoes 
1 .  7 
1 . 5  
6 . 3  
3 . 6  
3 . 6  
1 . 9 
2 . 4  
CALORIES FOUND IN COMMON FOODS 
Sugar 
6 . 0  
6 . 6  
19 . 4  
7 . 0  
6 . 1 
5 . 7  
5 . 2  
FOOD 
Pork Chop 
Bacon 
Butter 
Potatoes . · 
CALORIES PER POUND 
1 , 580 
Sugar . 
In items 128-31 ,  mark answer space 
A. if the statement is true and these data support it 
3 , 000  
3 , 410 
38.5 
1 , 860 
B. if the statement is probably true, but these data do not support it 
C. if the statement is false, and its falsity is shown by these data 
D. if the statement is probably false, but its falsity is not shown by these data 
E. if you cannot determine whether the statement is true or false, and these data give you no cl 
128. In, 1940 a dolla.r's worth of potatoes yielded m�re Calories than a dollar�s worth of butter. 
- . 
· ""� 
1 29 .  In the period included on this chart the price of ba�on was higher in 1921 than it was at �y othe( 
130. The average price of butter between 191_5 and 1925 was higher than it was between 1935 and 1940, ... ". ,· 
13 1 .  During the period included on this chart none of the foods listed dropped to less than one-third of :�_;:;.: 
. ' in 1920. 
., .( : . 
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'l(. .. • 1o. 
22 
/ ·  
. .  
.:""" . . .  
Spheres U, V, and W have equal volumes 
Spheres X, Y, and Z have equal volumes 
The volume of X, Y, or Z is i the volume of i.J, V, or W 
• 
In items 132-39 mark answer space 
• I t' r - A. if the statement is true and these data su,Pport it 
0 \ \  .
B. if the statement is probably true, but these data do not support it 
C. if the statement is false, and' its falsity is shown by these data 
D. if the statement is probably false, but its falsity is not shown by these data 
E. if you cannot determine whether the statement is. true or false, and these data give you no clue 
p 132. Spheres U and V have the same weight. 
133. Spheres U, V, and X all have the same weight. 
134. Sphere Y weighs more than sphere X. 
135. Sphere Z is definitely the heaviest of all the spheres . 
.. 
136� ·sphere W would not float in oil. 
137. Neither sphere U nor V would float in water. 
138. Sphere Z has a density greater than that of water. 
139. Sphere Z has a greater density than that of any of the other solid spheres. 
-
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